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( 800 ) 661-6063 


Tel: (512) 794-0100 • Fax: (512) 683-9300 • info@natinst.com 
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^INSTRUMENTS 


Accelerate 

Your Analysis 


with National Instruments Software 


Sit in the driver’s seat and accelerate 
your analysis software development 
with National Instruments software. 

In your race to get the job done, 
reduce costs, and improve time to 
market, you can accelerate application 
development time for: 

• Signal processing 

• Mathematics 

• Image processing 

• Wavelet design 

• Fuzzy logic control design 

• Joint time-frequency analysis 

• Linear Algebra 

• Data visualization 

• and much more... 

From simulation to solutions, develop with LabVIEW, C, ActiveX controls, 
Visual Basic, and HiQ. Plus, integrate data acquisition and image 
acquisition hardware into your development. 


LabVIEW 

LabWindows/CVI 
ComponentW 
HiQ 


Floor it! Visit our website to 
accelerate your analysis 
development with our 
FREE Software Showcase CD 
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Personal DAQ USB Data 
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portable data acquisition 
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computer not included) 
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Meet the world's 
smartest numeric 
software... 

.fully integrated into the world's most complete technical computing system . 
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PRECISE 

Do you trust every digit of every 
number your computer gives you? 
With Mathematica you can. Only 
Mathematica can keep track of the 
precision of its numerical results 
automatically throughout each cal- 
culation, and report only the digits 
it can justify. Throw in its complete 
suite of matrix manipulation and 
statistical analysis tools, and the 
world's most complete collection of 
special mathematical functions, 
and you'll see why Mathematica 
gives you the most precise numeri- 
cal results you'll find anywhere. 




PRACTICAL 

How much time do you spend 
exporting information from one 
program just so you can read it 
into another? We've spent a 
decade making sure that Mathe- 
matica's capabilities all fit seam- 
lessly together. Numeric tools work 
in concert with symbolic algebra 
capabilities, visualization tools, 
and a state-of-the-art program- 
ming language. All your work is 
stored in an automatically format- 
ted "notebook" file that you can 
send to your colleagues, print, or 
put on the web. 


PROGRESSIVE 

Because Mathematica is smarter, 
it lets you use your computer in 
smarter ways. Mathematica is a 
powerful modeling and simulation 
environment, and its programming 
language makes simple scripting 
shells look like Stone Age tools. 

The Mathematica language lets you 
use your existing programming 
knowledge, and define problems 
easily and incrementally, and even 
connect C, C++, and Fortran code. 
Do calculations you'd never try 
before, getting your results quickly 
and easily. 

Engineering with 

MATHEMATICA 

PRECISE. PRAGICAL. PROGRESSIVE. 
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Digi-Key Corporation • 701 Brooks Ave South • Thief River Falls, MN 56701 
Toll-Free: 1-800-344-4539 • Fax: 218-681-3380 

Order Online wwwdigikey.com v OJS 


For volume pricing on passive, interconnect and electromechanical product, call and ask tor: 

DIGI-KEY® Volume Business Division 
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Yes. If you’re working on the Affordable 


Can I work 
as fast as 
I can think? 


Performance Line of 
Compaq Professional 
Workstations, that is. 
And you don’t just get 
speed. You get seamless 
integration. Because we 



Compaq Professional Workstation AP500 

upon. Yet all this comes to you (iocessarsat 400 MHz or 450 MHz 

511 KB cache & 100 MHz front side 1ms 
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A planned series of new VXI-based systems that provide founda- 
tions for functional test systems has been launched by Hewlett- 
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the first two systems in the series , are described in detail in the 
Special Coverage on Test & Measurement, beginning on page 36. 

(Photo courtesy of Hewlett-Packard) 
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What is the Maximum 
Force During Impact? 


Falling weight 
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impact 


Weight at 
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deflection 


Actual screen 
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impact force test 
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AccupakA/E 
software. 
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Monitor program 
showing bar 
deflection vs. time. 


1 inch 


23 i" cheS 


An electromagnet suddenly releases a 4- 
lb hammer head weight which drops onto 
a l/2-inch diameter steel bar from a 
height of 1 inch as shown above. The bar 
is 23 inches long between the sup- 
ports. 

In the past engineers would try to cal- 
culate the maximum stress using hand- 
book calculations such as “s=Mc/T and 
* k y=(WL3)/(48Eir or a linear static FEA 
program — but they would have to Figure 
out the force applied to the bar when it is 
struck by the falling weight. 

What force would you think is caused by 
the falling weight? (The answer is upside 
down at the bottom of this page.) 

For this simple situation, the force 
can be approximated by working out 
an energy balance. This approach will 
not work, however, for real-world situa- 
tions due to the difficulty in calculating 
the stiffness. 

The easy way to predict the result of this 
or any impact problem is to use Algor's 
Accupak/VE Mechanical Event 


Get your free video and CD-ROM to see Algor soft- 
ware in action by faxing the coupon, ordering from 
the web, e-mailing Algor or calling Algor 


Video includes all-new impact force demonstration, 
plus action-packed, real-world examples demon- 
strated with Algor FEA and 
Mechanical Event Simulation 
See Accupak VE in action 
CD includes a complete ver- 
sion of Algor's web site with 
detailed information and soft- 
ware you can try. 


Simulation software for Virtual 
Prototyping. Model the bar and hammer 
head weight with Superdraw III or your 
CAD system. Apply the dimensions and 
material properties in Accupak/VE and it 
will automatically run the virtual experi- 
ment and generate a replay showing the 
stresses and displacements at any or all 
instants during the time of the event. 

Accupak/VEs Monitor virtual instrumen- 
tation program shows results graphically 
during run time. The Monitor program 
can show displacement, velocity, accelera- 
tion, frequency response, reaction forces 
and maximum stresses versus time as the 
event unfolds. Also available is an on- 
board FFT (Fast Fourier Transform) ana- 
lyzer that converts displacement versus 
time into frequency versus energy so 
design engineers can see the energy 
absorption spectrum of the model during 
the event. 

For more information on Accupak/VE for 
Mechanical Event Simulation, contact us 
or visit our web site at www.algor.com. 
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Has to be Right 

Algor, Inc. 

150 Beta Drive 

Pittsburgh. PA 15238-2932 USA 
Phone: +1 (412) 967-2700 
Fax: +1 (412) 967-2781 
California: +1 (714) 564-0844 
Europe (UK): +44 (1784) 442 246 
E-mail: info@algor.com 
Web. www.algor.com 


aFREE demo video and CD-ROM from Algor. 
Complete this form and fax it to: +1 (412) 967-2781. 


Or contact 
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The National Design Engineering Show (NDES) is one 
of four shows that comprise National Manufacturing 
Week , which will be held March 15-18 in Chicago. More 
than 1,200 exhibitors will display everything from in- 
dustrial design products, to rapid prototyping tools and 
CAD/CAE software. One of those software products is 
SolidWorks 98Plus 3D mechanical CAD software — which 
was used to model this snowmobile — from SolidWorks, 
Concord, MA. For more information on SolidWorks 98 PI us, 
and other products on display at NDES, see the feature 
beginning on page 24. 

(Image courtesy of SolidWorks) 
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CompuScope 8500 Systems 
Are What Everybody 
is using 


500 MS/s Sampling 
Up to 8 Simultaneous Input Channels 
Pre/Post Trigger Capture 
Re-Arm Time < 32 ns 
Up to 16 Meg Memory per Channel 
Save to Windows Compatible file 
Time & Date Stamp 

GageScope for Windows 

World’s Most Powerful Oscilloscope Software 




Software Development 
Kits For: 

C/C++, MATLAB, 

LabVIEW under 
WIN 95, WIN 98 
and WIN NT 


For Free Application Engineering 



GaGc 

GAGE APPLIED SCIENCES INC. 

1233 Shelburne Road, Suite 400 

South Burlington, VT 05403 

Tel: 800-567-GAGE 

Fax: 800-780-8411 

e-mail: prodinfo@gage-applied.com 


From outside the United States contact. Gage Applied Sciences Inc., 2000, 32nd Avenue Lachine, Montreal. QC. Canada H8T 3H7 Tel: (514) 633-7447 Fax: (514) 633-0770 
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With so much talk about technology it’s nice to know that there is a company that offers more than software and hardware. 
A company based on creating wealth through knowledge. A company with highly skilled professionals spanning the globe, 
professionals who act like... people. No rhetoric, no confusing tech talk. A company that offers straight-forward answers to 
your most complex problems. A company whose combined collective knowledge, wisdom, and skill is accessible by all of its 
people worldwide to solve your most demanding design problems, quickly. A company whose mandate is to find the best 
solution for your needs. A company that is smarter, faster and friendlier. 
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The Mars Polar Lander has roared into space, following close on the heels of the Mars Climate 
Orbiter launched in December. Boeing Delta II rockets carried both spacecraft. This milestone 
marks the 77th science, technology and planetary exploration launch on a Delta rocket. We’re 
proud of our partnership with NASA and the continued success of the Mars Surveyor program. 


wiFLe.boeing.com 
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NASA 

Commercial 

Technology 

Team 


NASA's R&D efforts produce a robust supply of promising technologies with applications in many 
industries. A key mechanism in identifying commercial applications for this technology is NASA's 
national network of commercial technology organizations. The network includes ten NASA field cen- 
ters, six Regional Technology Transfer Centers (RTTCs), the National Technology Transfer Center 
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium 
(FLC) for Technology Transfer. Call (206) 683-1005 for the FLC coordinator in your area. 


NASA’s Technology Sources 


NASA Program Offices 


If you need further information about new technologies presented in NASA Tech Briefs, 
request the Technical Support Package (TSP) indicated at the end of the brief. If a TSP is 
not available, the Commercial Technology Office at the NASA field center that sponsored 
the research can provide you with additional information and, if applicable, refer you to the 
innovator(s). These centers are the source of all NASA-developed technology. 


Ames Research 
Center 

Selected techno- 
logical strengths: 
Fluid Dynamics; 
Life Sciences; 
Earth and 
Atmospheric 
Sciences; 
Information, 
Communications, 
and Intelligent 
Systems; 

Human Factors. 
Carolina Blake 
(650) 604-0893 
cblake@mail. 
arc.nasa.gov 

Dryden Flight 
Research Center 

Selected techno- 
logical strengths: 
Aerodynamics; 
Aeronautics 
Flight Testing; 
Aeropropulsion; 
Flight Systems; 
Thermal Testing; 
Integrated 
Systems Test 
and Validation. 
Lee Duke 
(805) 258-3802 
lee.duke@dfrc. 
nasa.gov 


Goddard Space 
Flight Center 
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logical strengths: 
Earth and 
Planetary 
Science 

Missions; LIDAR; 

Cryogenic 

Systems; 

Tracking; 

Telemetry; 

Command. 

George Alcorn 

(301) 286-5810 

galcom@gsfc. 

nasa.gov 

Jet Propulsion 
Laboratory 

Selected techno- 
logical strengths: 
Near/Deep- 
Space Mission 
Engineering; 
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Space 

Communications; 

Information 

Systems; 

Remote Sensing; 
Robotics. 

Merle McKenzie 
(818)354-2577 
merle, mckenzie® 
ccmail.jpl.nasa.gov 


Johnson Space 
Center 
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logical strengths: 
Artificial 
Intelligence 
and Human 
Computer 
Interface; 

Life Sciences; 
Human Space 
Flight Operations; 
Avionics; Sensors; 
Communications. 
Hank Davis 
(281) 483-0474 
hdavis@gp101.jsc. 
nasagov 

Kennedy Space 
Center 

Selected techno- 
logical strengths: 
Environmental 
Monitoring; 
Sensors; Corrosion 
Protection; 
Bio-Sciences; 
Process Modeling; 
Work Planning/ 
Control; 
Meteorology. 

Gale Allen 
(407) 867-6626 
galeallen-1@ 
ksc.nasa.gov 


Langley Research 
Center 

Selected techno- 
logical strengths: 
Aerodynamics; 
Flight Systems; 
Materials; 
Structures; 
Sensors; 
Measurements; 
Information 
Sciences. 

Dr. Joseph S. 
Heyman 
(804) 864-6006 
j.s. heyman 
@larc. nasa.gov 


Lewis Research 
Center 

Selected techno- 
logical strengths: 
Aeropropulsion; 
Communications; 
Energy 
Technology; 

High 

Temperature 

Materials 

Research. 

Larry Vitema 
(216) 433-3484 
cto@ 

lerc.nasa.gov 


Marshall Space 
Flight Center 

Selected techno- 
logical strengths: 
Materials; 
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Nondestructive 
Evaluation; 
Biotechnology; 
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Sally Little 
(256) 544-4266 
sally. Iittle@msfc. 
nasa.gov 
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Center 
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logical strengths: 
Propulsion 
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Instrumentation. 
Kirk Sharp 
(228) 688-1929 
ksharp@ 
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NASA-Sponsored Commercial Technology Organizations 

These organizations were established to provide rapid access to NASA and other federal R&D and 
foster collaboration between public and private sector organizations. They also can direct you to the 
appropriate point of contact within the Federal Laboratory Consortium. To reach the Regional 
Technology Transfer Center nearest you, call (800) 472-6785. 
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National Technology 
Transfer Center 

(800) 678-6882 


Ken Dozier 

Far-West Technology 
Transfer Center 

University of Southern 

California 
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Dr. William Gasko 
Center for Technology 
Commercialization 

Massachusetts 
Technology Park 
(508) 870-0042 

J. Ronald Thornton 

Southern Technology 
Applications Center 

University of Florida 
(904)462-3913 


Gary Sera 

Mid-Continent 
Technology Transfer 
Center 

Texas A&M University 
(409) 845-8762 

Lani S. Hummel 

Mid-Atlantic Technology 
Applications Center 

University of Pittsburgh 
(412) 383-2500 


Chris Coburn 

Great Lakes Industrial 
Technology Transfer 
Center 

Battelle Memorial 

Institute 

(216) 734-0094 


NASA ON-LINE: Go to NASA’s Commercial Technology Network (CTN) on the World Wide Web at 
http://nctn.hq.nasa.gov to search NASA technology resources, find commercialization opportunities, 
and learn about NASA’s national network of programs, organizations, and services dedicated to tech- 
nology transfer and commercialization. 


At NASA Headquarters there are 
seven major program offices that 
develop and oversee technology pro- 
jects of potential interest to industry. 
The street address for these strategic 
business units is: NASA Headquarters, 
300 E St. SW, Washington, DC 20546. 


Carl Ray 

Small Business 
Innovation Research 
Program (SBIR) & 

Small Business 
Technology Transfer 
Program (STTR) 

(202) 358-4652 

cray@mail.hq. 

nasa.gov 

Dr. Robert Norwood 

Office of Aeronautics and 
Space Transportation 
Technology (Code R) 

(202) 358-2320 
morwood@mail. hq. 
nasa.gov 

John Mulcahy 
Office of Space Flight 
(Code MP) 

(202)358-1401 

jmulcahy@mail. 

hq.nasa.gov 


Gerald Johnson 
Office of Aeronautics 
(Code R) 

(202)358-4711 
g Johnson@aeromail. 
hq.nasa.gov 

Bill Smith 

Office of Space Sciences 
(CodeS) 

(202) 358-2473 
wsmith@sm. ms. ossa. 
hq.nasa.gov 

Roger Crouch 

Office of Microgravity 
Science Applications 
(Code U) 

(202) 358-0689 
rcrouch@hq. nasa. gov 

Granville Paules 
Office of Mission to 
Planet Earth 
(Code Y) 

(202) 358-0706 

gpaules@mtpe.hq. 

nasa.gov 


NASA's Business Facilitators 


NASA has established several organi- 
zations whose objectives are to estab- 
lish joint sponsored research agree- 
ments and incubate small start-up 
companies with significant business 
promise. 


Wayne P. Zeman 

Lewis Incubator for 
Technology 

Cleveland, OH 
(216) 586-3888 

Dan Morrison 
Mississippi Enterprise 
for Technology 

Stennis Space 
Center, MS 

(800) 746-4699 


Joe Boeddeker 

Ames Technology 

Commercialization 

Center 

San Jose, CA 
(408) 557-6700 

Marty Kaszubowski 

Hampton Roads 
Technology Incubator 
(Langley Research 
Center) 

Hampton, VA 
(757) 865-2140 


If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis 
Center, (505) 277-3622. 


14 


www.nasatech.com 


NASA Tech Briefs, February 1999 



things that seem to last an eternity 



a. Fruitcake 



b. Root canal 



c. Opera 



d. Parts lubricated with Krytox* 


Why do automotive components lubricated with DuPont 
Krytox* last practically forever? 

For starters. Krytox* lubricants are based on exclusive space- 
age fluoropolymer technology. So you get long-lasting lubrication 
over the broadest range of temperatures (-70°F to 650°F). 

Because they stay put, with virtually no change in physical 
properties, Krytox* grease and oils are the choice for demanding 
applications — alternators, fan clutches, idler pulley bearings, 
front end accessory drive components, and sensors. (Imagine 
what extending the service life could do for your warranty costs.) 
Krytox* dry film reduces friction in moving parts behind interior 
panels and dashboards. They coat switches and connectors, 

http://wwwJubricants.dupont.com 


without dripping and seizing like wet lubricants. They won’t 
attract contaminants, dust and dirt. Best of all, every Krytox* 
lubricant is nonflammable, chemically inert, and insoluble in 
solvents and water. So they’re compatible with metals, elastomers, 
engineering plastics and all automotive fluids. 

For information, call 1-800-424-7502. Krytox*. Lubrication 
beyond your highest expectations. 



ip 


Krytox" 

performance lubricants 
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PRODUCT OF THE MONTH 


Green and Clean 



V isionary Design Systems, 

Santa Clara, CA, has intro- 
duced Version 2.0 of 
IronCAD™ mechanical engi- 
neering software. The new release 
offers drag-and-drop sheet metal part 
creation, new object manipulation func- 
tionality, improved 2D profile creation, 
and enhancements to its data transla- 
tion and surface-to-solid capabilities. 
Handles, including SmartSnap® and a 
dynamic 3D constraint solver, allow 


users to perform sizing and positioning 
operations regardless of how the model 
originally was dimensioned. Sheet 
metal parts can be modeled by drag- 
ging and dropping intelligent bend, lip, 
hem, and offset features from a catalog. 
A customizable catalog of parameter- 
ized punch and stamp IntelliShapes® is 
available that conforms to industry-stan- 
dard sizes. The Windows NT/95/98 
software is priced at $3,995. 

For More Information Circle No. 747 


A new NASA study reports that 

plants absorb more carbon dioxide 
in the Northern Hemisphere than pre- 
viously believed — about one-third of 
the amount that comes from the burn- 
ing of fossil fuels. According to Dr. 
Christopher Potter, a research scientist 
at NASA’s Ames Research Center and 
co-author of the study, the amount of 
carbon dioxide in the atmosphere con- 
tinues to increase, even though vegeta- 
tion is absorbing more carbon than 
some scientists previously thought. 

The NASA team studied solar irradi- 
ance data from the GOES satellite, and 
visible and near-infrared data from 
National Oceanic and Atmospheric 
Administration (NOAA) weather satel- 
lites. The data also revealed that the 
ecosystems of Africa and Eastern Brazil 
have recovered strongly from the 
stressful effects of the 1983 El Nino 
and the severe 1984 drought. “Our 
research suggests that there is a possi- 
bility that scientists in the future may 
be able to accurately predict which 
areas of the world will be positively or 
negatively affected by climate change,” 
said Dr. Potter. 

For more information , visit the authors ’ 
web site at: http://geo.arc.nasa.gov/sge/casa 


Keeping an Eye on the Baby 


N ASA’s Ames Research Center has 
developed a tiny transmitter that 
can be implanted in a mother’s womb 
to monitor the health of an unborn 
child. Developed in cooperation with 
the Fetal Treatment Center at the 
University of California, San 
Francisco, the device is scheduled to 
be implanted in expectant mothers 
early this year. 

The “pill” monitor is the size and 
shape of a large vitamin pill. Doctors at 
the University needed a tiny device that 
could monitor babies who have under- 
gone a newly developed endoscopic 
surgery’, which is performed on fetuses 
still in the womb. The surgery, which is 
performed with long, thin instruments 
inserted through a small incision in the 
mother’s abdomen, replaced a more 
invasive surgery using large Cesarean- 
like cuts. 



There were no commercially avail- 
able sensors small enough for the job, 
so NASA developed a device that can fit 
through the endoscopic equipment 
The resulting monitor measures the 
pressure and temperature of the amni- 
otic fluid. The next generation of the 
monitor will also measure the pH of 
the fluid. Eventually, a smaller monitor 
will gauge the electrical activity of the 
fetal heart and transmit the data, along 
with measurements of the baby’s body 


chemicals, including carbon dioxide, 
glucose, and ionic calcium. 

The tiny monitors also can be used 
to measure core body temperature, 
monitor patients for shock, and check 
intestinal pressure changes or stom- 
ach acidity in ulcer patients. Patents 
are pending and the technology' is 
open to licensing, according to Mike 
Skidmore, deputy program manager 
for NASA’s Sensors 2000 program 
at .Ames. 

“We would like to use this technology 
to study what happens to astronauts 
during space travel,” said Skidmore. 
“Not only could they swallow the small- 
er pill transmitters we plan to develop, 
but the small, flat monitor we have 
designed could be taped to their bodies 
like a small bandage.” 

For more information , visit the NASA 
Amts web site at: http://wurw.arc.nasa.gov 
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Now see what 
you think. 

New MATLAB 5, now with advanced 
visualization and a complete language 
for application development. 


Volume Visualization 

MATLAB allows you to visualize 
volumetric data like this 
isosurface of wind speed with a 
cone plot of wind direction. 



Mapping 

The new MATLAB Mapping Toolbox 
can be applied to environmental, 
oceanographic, and defense 
applications. 


New Visualization Power 

Now you can quickly create more 
informative and revealing 2-D and 
3-D graphics direcdy in MATLAB 5. 
Gain insights into complex systems 
using capabilities like lighting and 
shading, camera control and texture 
mapping. Efficient new algorithms 
make even irregularly-sampled data 
display faster and easier. 

Multidimensional Arrays 
and Structures 

Now the MATLAB matrix 
computing language supports 
multidimensional arrays and user- 
definable multitype data structures. 
MATLAB 5 includes a full set of 
functions for manipulating and 
analyzing multidimensional data, 
and even visualizing 3-D slices. 


Application Development 

A host of language and data 
management enhancements make 
algorithm and application 
development fast and intuitive. 

We added: 

• visual debugger/editor 

• function performance profiler 

• point-and-click GUI builder 

• object-oriented programming 

New Toolboxes 

Companion toolboxes offer 
application -specific graph types, 
analysis functions, and interactive 
interfaces. New and updated 
toolboxes include: 

Mapping Toolbox 
Image Processing Toolbox 
Signal Processing Toolbox 
Control System Toolbox 



Image Processing 

This Radon transform of a spine 
x-ray illustrates one of the many 
uses of the Image Processing 
Toolbox. 


See how MATLAB 5 can work for you. Call for your 
free copy of the MATLAB 5 Special Edition Newsletter. 


The 

MATH 

WORKS 



MATLAB* 

Coll 508-647-7000 
Visit www.mathworks.com/ntbv 


Hie MathWorks, Inc. 24 Prime Pork Way, Natick MA 01760 

tatrafia: - 61 2 99224311 •Fr««: ♦ 33-MS 34 23 91* (mimy. * 49 241470750 •Ufc 
♦ 9100-2 250260 • Iwotfc ♦ 972 3-541 5151 • My: *39 1 1 24-B5-332 • Jay** ♦ B1 3-597B-5410 • Kortc: ♦ 12-2 517 1257 • PM ♦ 40-12 17 
3348 • Port^ofc ♦ 34-3-41 S-49-04 • SoMc ♦ 44-8-1 5-30-22 • Stfaport: ♦ 454424222 • Spot*: ♦ 344341549-04 • SwiftwtM: - 41-31 
882-0288 • fah*w: ♦ 804-2-501 -0717 • k fa Imfca. Untod Kingdom, and tepubk of Inland cal (ombridgt Coatrol ltd: ♦ 44-1223423200 

01999 by The MortiWoHts, Inc MAIUB, Smdnk, Swefiow, Hwde Gropto. and ieci-Time Workshop ore regstwad tnjbemofki, and target longuoge Compiaf b o 
irodennt of Tin MdhWaAs, Inc 0*har product or brand name an kadnwia or agond tiubemorb d Oar itspadM hoUn. 
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BIG BRAINS 



adapts the accordion-like corrugations of space suit Joints to 
a ski boot to allow precision skiing and greater flexibility 
without distortion. 


Flexon Technology 


Need help developing 
a new product? NASA 
brings you the most 
cutting-edge technology 
ever developed. Our 
engineers have part- 
nered with thousands 
of companies to create 
all kinds of gizmos. 
Learn how we can help 
your company’s bottom 
line. Visit our Web 
site or call us at the 
National Technology 
Transfer Center. 
1 - 800 / 678 - 6882 . 










NASA 


/* 


1 - 800 / 678-0882 


A few other products that have benefited from NASA technology: 


© 



© 




© 


WWW 


NASATECHNOLOGY 



FOR RENT. 


© 


YOUR 

PRODUCT 

HERE. 


Call us for a free search of 
NASA technology that may 
help your business. 

1 I 


® 



H <*• I- 


Aovancbo 

Lubricants 


produce an envi- 
ron menially safe 
way to clean and 
protect rishing 
rods from rusi 
and corrosion. 


PIEZOELECTRIC ACTUATORS AND SENSORS 


Improve die quality and volume c»f ringerM and Hjxnki'iH 
and prodtu** power to allow for niruil U*r hHtt(>rlm 

0 



1 c. 


© % 



Software For 
Medic at. 
Thermometers 


provides tempera- 
ture results in le*** 
than lO seconds 
with an accuracy 
of ♦ or - 0.3 degrees. 



Water 

Purification 

Systems 


remove objection- 
able tastes and 
cxlors cauNixl hj 
chemicals in 
municipid water 
supplies. 








Q 





© 


C 0 M / T B 1 


800-678-6882 


Reader Forum 


YOU CAN JUDGE 
YOUR RESEARCH BY 


i ITS COVER 



DISPLAY 

THE DYNAMICS 
OF YOUR 
COMPUTATIONS 

WITH: 


Tecplot 


Version 7.5 


PRODUCTIVE POWER FOR DATA VISUALIZATION 


When you need a plotting program that renders CFD data 
and calculations into vivid, colorful 2D and 3D images, 
turn to Tecplot. With Tecplot, you will: 

□ Achieve superior visuals, with ease 

□ Create presentation-quality plots and grids 

□ Interface with industry standard data formats 

□ Modify Tecplot to address specific needs 

□ Use Tecplot’s engine to visualize data for 
turnkey solutions 

□ Leverage solutions from C or FORTRAN 
code base 

□ Link Tecplot with third-party libraries for 
specialized analysis 

□ Add I/O capabilities for unique data formats 

www.amtec.com 


e-mail: tecplot@amtec.com or Call Toll Free: 800.676.7568 


xttitbc 

AMTEC ENGINEERING, INC. 

P.O. Box 3633, Bellevue, WA 98009-3633 
TELEPHONE: 425.827.3304 


©1998 Amtec Engineering. Inc. All rights reserved worldwide. 

Amtec and Tecplot are registered trademarte of Amtec Engineering, Inc., Bellevue, WA. 
All other trademarks are the property of their respective owners. 


Reader Forum is devoted to the thoughts , concerns , questions , 
and comments of our readers. If you have a comment , a ques- 
tion regarding a specific technical problem , or an ansioer to a 
question that appeared in a recent issue , send your letter to the 
address below. 


I'm looking for a computer-based wing design program. I 
have been reading about how wing designs also can be test- 
ed using software. Any help would be appreciated in locat- 
ing one of these programs. 

Shawn McDaniel 
DocMk@hotmail.com 

(Editor's Note: Shawn , you may want to contact 
DARcorporation of Lawrence , KS, which offers a number of 
aviation design software packages such as Aero-CADD and 
G.A.-CAD. You can reach the company at 785-832-0434; 
Fax: 785-832-0524 ; or visit them on the web at: www. 
darcorp.com.) 


I am searching for information on a new medical device 
that I believe NASA is responsible for creating. The device is 
a needle based on NASA's rocket boosters. It uses high pres- 
sure to push drugs through the skin at supersonic speeds. I 
would like to know the following: Will it inject insulin? What 
is the cost ? Thanks for your assistance. 

Warwick Lake 
Warwick-lake@use.net 


The other day someone from NASA Tech Briefs called to 
ask if I wanted to continue my subscription. I thought for a 
moment and decided that I didn't really get much out of the 
magazine, so I said, "No, thank you. " What a mistake! This 
morning I received what is probably my last scheduled issue. 
By the time I reached the end of page 16, I had already cut 
out two advertisements and was raving about the two 
UpFront articles, sharing them with my co-workers. I now 
remember other valuable articles I have clipped out of NASA 
Tech Briefs. I admit I was wrong. I do get a lot out of NASA 
Tech Briefs. Please don't cancel my subscription! I can't 
imagine what I was thinking! 

Jon Penner 
H R Textron 
Valencia, CA 

(Editor's Note: Jon, we forgive you. I hope you continue 
to find valuable information in NASA Tech Briefs.,) 


Post your letters to Reader Forum on-line at: www. 
nasatech.com or send to: Editor, NASA Tech Briefs , 317 
Madison Ave., New York, NY 10017; Fax: 212-986-7864. 
Please include your name, company (if applicable), 
address, and phone number or e-mail address. 
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engineer, i idea. 


,165 Parts. 
!0 Days. 






•» 



Revolutionary 

For o long time industrial designer Simon Floyd had an idea for a new type of engint 
3 also had at his fingertips one of the leading "high end" CAD systems, but the one thin 
i didn't have was spare time. "This is a complex assembly and the task of designing it i 
ly conventional CAD system was just too daunting. However, once I got my hands o 
>nCAD, I finally had the power to realize my vision," says Mr. Floyd. IronCAD's uniqu 
'og & Drop Solid Modeling and Design Flow" Architecture gave him the power to not onl 
xk fast, but to innovate while he designed. He's become so enthusiastic about IronCAC 
: now offers it to his clients. To see a case study of Simon Floyd's awesome engine desig 
id to learn more about how IronCAD is powering the next industrial revolution, log on. 

www ironcad.com 


800 . 339.7304 


IRON 

¥ 


Join the revolution or be left behind. 


IC906 © 1 999 Vistonory Design Systems, Inc. All Rights Reserved 



Get complete, easy-to-use 
solutions for motion control 
- now from the Industry's 
leading data acquisition vendor. 

• FlexMotion " high-performance 
servo and stepper controllers 

• ValueMotiorf general-purpose 
servo and stepper controllers 

• nuDrive’“ power amplifier 
subsystems 

• Universal Motion Interface" 
connectivity modules 

• Software for quick application 
development 

• Advanced application virtual 
instruments and examples for 
Lab VIEW" and BridgeVlEW" 

- Dynamic link libraries for 
Visual Basic and 
LabWindowsVCVI 

- C Libraries 

- Free, ready-torun motion 
control software 

- For Windows NT/95/3.1 
and Mac OS 

- ISA and PCI 


Call today for data sheets 

(800) 327-9894 

www.natktst.com/daq 


y 

r t, 


NATIONAL 

INSTRUMENTS 

The Software is the Instrument' 


U.S. Corporate Headquarters 

Tel (512) 7940100 • Fax: (512) 7948411 
lnfo@nalinsLoom • www.nabnsLcorn 
WoriftMde net*oV of drec3 ofltoes and dtsonoutc/s. 

OCopylffi 1997 N 


1111 


PC-Base 

Motion 

Control 



Over the past three decades , NASA has granted more than 1000 patent licenses in virtually every area of 
technology. The agency has a portfolio of 3000 patents and pending applications available now 
for license by businesses and individuals , including these recently patented inventions: 


Tough, Soluble, Aromatic 
Thermoplastic Copolyimides 

(U.S. Patent No. 5,741,883) 

Inventor: Robert G. Bryant, Langley 
Research Center 

Aromatic thermoplastic polyimides are 
a class of polymers used in a variety of 
high-performance, high-temperature ap- 
plications. By the present invention, whol- 
ly aromatic, thermoplastic polyimide 
copolymers were prepared based on 4,4’- 
oxydiphthalic anhydride, 3,4,3’,4’-bi- 
phenyltetracarboxylic dianhydride and 
3,4’-oxydianiline. These were found to be 
tough thermoplastics that are soluble in 
common amide solvents, and thus can be 
applied as the fully imidized copolymer in 
addition to the amic acid solution. They 
may be used to prepare the following arti- 
cles: a solvent cast film, an extrudable 
object, a fiber-reinforced composite, a 
neat resin molding, a coating, a hot-melt 
adhesive tape, a fiber, a filled resin mold- 
ing, and a matrix composite. 

HorLuLF and Ho:Tm:LuLF 
Laser Materials 

(U.S. Patent No. 5,742,632) 

Inventors: Norman P. Barnes, Clyde A. 
Morrison, Elizabeth D. Filer, Mahendra 
G. Jani, Keith E. Murray, and George 
E. Lockard, Langley Research Center 

In the development of a laser emitting 
at 2 micrometers, it is desirable to provide 
a material that has a higher efficiency and 
lower threshold at room temperature 
than known laser materials such as 
Ho:Tm:YAG and Ho:Tm:YLF. Further- 
more, it is desirable to provide a laser 
material that is compatible with laser 
diode pumping using currently available 
GaAlAs laser diodes. The present team 
achieved these ends with a material com- 
prising Ho:Tm:LuLiF 4 (Ho:Tm:LuLF). 
Quantum mechanical modeling showed 
that in this material the lower laser level 
would have a low thermal occupation and 
that there would be a high effective stim- 
ulated emission cross section, thereby 
decreasing the threshold and increasing 
efficiency over such materials as YLF and 


YAG. The use of Tm allows for the ability 
to pump the laser with GaALAs laser 
diodes. Efficiency is also increased as a 
result of a lower upconversion rate. In 
addition, doping with erbium may be 
employed to provide a laser material that 
may be pumped with a flashlamp. In this 
case the Er would be utilized in relatively 
high concentrations to achieve efficient 
absorption of flashlamp radiation. 

Particle Velocity 
Measuring System 

(U.S. Patent No. 5,741,979) 

Inventors: G. Dickey Arndt and 
James R. Carl, Johnson Space Center 

In the past, the aseptic method of 
cooking foods, in which the product typi- 
cally flows through a flowiine rather than 
being cooked within a retort, has not 
been used for foods such as stews, pastas, 
soups, and other multiple-component 
slurries of food because it has been too 
difficult to determine the cooking time 
of all food particles. The time the particle 
takes to flow' through the holding tube 
determines whether it is adequately 
cooked and sterilized. Various methods 
have been attempted to measure the 
velocity of individual food components 
within a slurry. The present invention is a 
method and apparatus for measuring 
transit times of food elements in a flow- 
line. It combines an upstream microwave 
transducer with an upstream transmitter 
and receiver spaced across the flowline 
for transmitting a microwave signal 
through the flowiine. Likewise a down- 
stream microwave transducer has a down- 
stream transmitter and receiver for trans- 
mitting a similar signal. Particles of food 
are marked with a pellet of some light 
metal such as beryllium, magnesium, or 
aluminum that does not significantly 
alter the specific gravity of the food but 
does affect the transmission loss and/or 
reflection loss of the signal. Another 
marker can be a resonant half-wave 
dipole element preferably formed of a 
thin-diameter wire. The transit time of 
movement of the elements between the 
two signal transducers is measured. 


For more information on the inventions described here , contact the appropriate NASA Field 
Center' s Commercial Technology Office. See page 14 for a list of office contacts. 
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Introducing FEMAP® Version 6 


Analysis Modeling and Visualization Software 

• Native Windows Ease of Use 

• Robust access to CAD geometry 

• W£W general beam section calculator 

• In-depth support for a broad range of solvers 

• WAV midplane surfaces from thin solids 

• Tet meshing at over 250,000 elements / minute 

• WAV powerful hex meshing 

• WAV surface meshing options 

• WAV free body diagrams with grid point forces 

• WAV surface and solid subdivision for mapped meshing 

• WAV contact and friction modeling 


A critical feature for any stand alone FE prep and post soft- 
ware is its ability to provide complete, ready-to-run input 
files for a broad range of solvers and analysis types. You 
will find that FEMAP stands well above the crowd in this 
area, and in many other ways as well. 

If you use advanced FEA solvers, check out FEMAP 6. 

From advanced dynamics in NASTRAN, to Ogden materi- 
als in ABAQUS, to part to part contact in LS-DYNA, you 
will access more of your solver with FEMAP. And, with 
new hex meshing, mid-surface creation, and general beam 
modeling, you won’t find a faster way to model, review and 
document all your analyses than with FEMAP Version 6. 

Call or visit our web site to set up a free trial evaluation. 


To request an evaluation by phone 


• NEW advanced dynomics for NASTRAN and ANSYS 

• WAY support for LS-DYNA and MARC 

• Tight integration with office automation tools 

• NEW intelligent results averaging 

• WAY high-speed results import (0P2) 

s 3995 - 

www.femap.com/ntb/ 

® FEMAP is a registered trademark of Enterprise Software Products. Inc. All other trademarks are the property of their respective owners 
•Special offer on FEMAP Professional valid until March 31. 1999 on new purchases of single task licenses. Offer valid in North America only. Offer number 3995-NA-6. 


Enterprise 
I Software 


800-440-2411 


extension 30 


Outside the U.S., coll +1 610 458 3660 extension 14 
FAX: +1 610 458 3665 
Email: info@femop.com 


Real FEA Made Easy 


FEMAP 


For More InfnmrtAtinn firrlo Nn 51 Q 












National Manufacturing Week 


America’s #1 Industrial Marketplace' 


National Manufacturing Week, March 15-18 at Chicago’s McCormick Place, will encompass four 
major events: the National Industrial Automation (NIA) Show; the National Industrial Enterprise IT 
Show; the National Plant Engineering MRO & Management Show; and the National Design Engi- 
neering Show (NDES). More than 2,200 exhibitors will display products and technologies to an ex- 
pected attendance of more than 60,000 industry professionals. Following are some of the prod- 
ucts that will be on display by NDES exhibitors. (For more information on the event, visit the web 
site at: www.manufacturingweek.com) 



Booth 1606 

Compaq Computer 
Corp., Houston, TX, will 
introduce the XP1000 
Alpha-powered worksta- 
tions for Windows NT or 
UNIX. Featuring the Alpha 21264 500-MHz/4 MB 
cache processor, the workstations are equipped 
with 100 MHz registered ECC SDRAM, 8 DIMM 
sockets, two 64-bit PCI slots, and 128, 256, or 512 
MB memory (2 GB maximum). The units are 
available with 2D/3D ELSA GLoria Synergy graph- 
ics or Compaq PowerStorm 300 PCI or 350 PCI 
graphics. TTie expandable mini-tower chassis can 
support four 10,000 rpm drives, and features live 
slots (4 PCI and 1 shared PCI/ISA), six bays, and 
4- or 9-MB storage capacity. Applications for the 
high-performance workstations include mechani- 
cal CAD, CAE, geographic information system 
(GIS) applications, 3D rendering and animation, 
and design synthesis and simulation. 

Circle No. 750 



Booth 2750 

Miller Fluid Power, Bensenville, IL, 
will feature closed-loop proportional 
and servo solenoid valves and cylin- 
ders. The valves provide zero overlap 
at the mid-position area, instant response to rapid changes in signal, 
and reduced filtration requirements. The systems use analog, digital, 
or bus-based control for controlling acceleration, deceleration, veloc- 
ity, position, and force in hydraulic and pneumatic cylinders. The 
controllers are available in bore sizes of 1-1/2" to 20", up to 3000 psi, 
and with maximum strokes to 120". 

Circle No. 752 


Booth 201 

SolidWorks Corp., Concord, MA, will 
demonstrate SolidWorks 98Plus 3D me- 
chanical design software, which features 
more than 200 enhancements. Improved 
detailing tools include the ability to embed 
custom properties in a drawing template, 
automating standard company practices by 
reusing custom symbols and notes, and Dy- 
namic View' Activation, which automatically’ activates a view sheet de- 
pending on cursor location. Other features include automatic updat- 
ing of the relationships between parts in an assembly'; the ability to 
drag models directly from web pages and drop them into SolidWorks 
parts or assemblies; new lofting, shaping, and surfacing functions; and 
sheet metal design capabilities for creating designs in 3D or in the flat. 
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A 200-page “B600" catalog of bearings will 
be available from Quality Bearings 8c Compo- 
nents, Garden City Park, NY. More than 
18,800 bearings are featured in the catalog, in- 
cluding rod ends and spherical bearings, 
rolling contact bearings, sintered and metal 
bearings, and plastic and nonmetallic bear- 
ings. A 48-page technical section describes 
bearing design and selection, including load 
factors, sizing, and bearing mounting. Major 
product groups include ball, thrust, sleeve, 
needle, and linear ball bearings; and roller 
clutches, guide wheels, and rail systems. 
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The NASA Space Shuttle uses Kingston’s 

Data Express* removable drive enclosures in space 
for the same reasons you can rely on them for 
your mission-critical applications here on earth. Kingston^ 

Data Express delivers ultimate reliability and flexibility. Try our 
rugged DE200 for virtually every removable application, 
including RAID. www.kingston.com/storage 

• Supports high capacity 3.5" standard and LP half-height drives 

• Supports AT/IDE and SCSI including SCA and ULTRA 

• Lock-down, all-steel earner for shock and vibration applications 

• Key lock for enhanced secunty 

• Platform independent, bootable from any computer system 

• Highly-rated mating connectors, up to 25K cycles 

• Opuonal hot swap, solenoid lock features available 

• Comprehensive 7-year warranty 

Call a Kingston* consultant today at (800) 259-9370 to find 
out more about Data Express DE200. Us one of the most 
versatile removables in the solar system. 
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Booth 3528 

Havdon Switch & Instrument, Water- 
bury, CT, will exhibit a new family of 

miniature stepper-driven 
gearmotors designed for 
applications in limited 
spaces that require the 
torque or output speeds 
of a gearmotor. The gear- 
head is coupled to a 1” or 
3/4” diameter stepper. 
Gear ratios from 2.4:1 to 3600:1 are avail- 
able. Composite gears are available for 
quiet operation, and metal gears are avail- 
able for higher torque applications. Spe- 
cial mounting and output shaft configura- 
tions are available. Typical applications 
include medical equipment, chart 
recorders, and research instrumentation. 
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The Sipha tamper-res Is tan t, non- 
contact safety’ interlock switch is avail- 
able from Scientific Technologies, Fre- 
mont, GA As a fully monitored 
dual-channel system, a single Sipha 
switch and control unit combine to ful- 
fill Category 3 safety' requirements. 

The NEMA 6 enclosure allows opera- 
tion in harsh environments. The con- 
trol unit can monitor a large number 
of switches for applications with nu- 
merous doors. The control unit also 
provides motor contactor monitoring 
and/or a manual reset function, allowing it to replace a 
safety relay in some applications. 
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Booth 
2657 

Nylok Fastener 
, Corp., Macomb, MI, 

' will display the PRE- 

™ COTE* chemical ad- 

hesive system, which 
uses a patented dual- 
'*■ v ' 7 - ^ encapsulation process 

on both the resin and hard- 
ener to ensure a longer shelf life. The epoxy resin 
and hardener components remain microencapsu- 
lated until tightening of the fastener breaks the cap- 
sules and causes the two agents to mix. The adhesive 
can be applied to internally or externally threaded 
fasteners, sizes M4 and higher, and comes in several 
grades, distinguished by color: PRECOTE 5 (white), 
PRECOTE 30 (yellow), PRECOTE 80 (pink), and 
PRECOTE 85 (turquoise). 
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The Survivor-LightLink* flat-panel monitor 
will be featured by (Computer Dy namics, 
Greenville, SC. The Class I, Division 1 and 2- 
compliant monitor communicates via fiber- 
optic link with its host up to 20 kilometers 
away. The system’s 15”, 900-nit, XGA display and optional touchscreen 
are housed in a NEMA 4/4X enclosure. A transmitter/ receiver unit, 
mounted at the host computer, transmits and receives all signals — in- 
cluding video, RS-232, PS2 mouse, and keyboard — over a single pair 
of eye-safe fiber-optic cables at 1.5 GB per second. It measures 18.3 x 
1 3.5 x 4.2" and features an operating temperature range of 0 to 50°C. 
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Schneeberger, Bedford, 

MA, will display the Mono- 
rail AMS linear measuring 
system that offers resolution of 1 pm. Standard accuracy grade is 5 
pm per meter with typical repeatability of ±1 pm. The system fea- 
tures integrated measuring and guidance systems for reduced geo- 
metric and deformation errors. The system’s scan head glides on a 
magnetic scale. Housed in a single piece of titanium, the solid-state 
scanning element generates two sinusoidal signals, phase shifted by 
90°, plus a separate reference signal. The signals are available as 7-16 
microamp current outputs or 1-volt p-p. 
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Durobal* thermoplas- 
tic ball bearings will be 
on display by Busak+ 
Shamban, Fort Wayne, 
IN. The injection- 
molded components are used in applications re- 
quiring long wear life, low friction, non-metallic 
bearings. They are available in a range of stan- 
dard and custom thermoplastic compounds. 
Features include self-lubricating properties, 
temperature range from cryogenic to 287°C, 
chemical and corrosion resistance, low* noise, 
and design options. 
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“Our goal was to build a 
state-of-the-art laser marking 
stem at a truly affordable price” 
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Lasers create crisp, permanent marks on plastics, wood, paper, met- 
als, and countless other materials, so it’s no wonder laser marking is 
the preferred method of product marking for many industries. Unlike 
other marking technologies, there are no messy inks to replace, no 
hazardous solvents to dispose of, and no tool wear. The only problem 
has been that, while lasers have always offered long-term cost sav- 
ings, their initial price has often been too high for many companies’ 
budgets. 

At Synrad, we set out to design a laser 
marking system that could be sold at a 
price low enough to enable more compa- 
nies to switch to laser marking. Priced at 
just $15,900', our new Fenix laser marker offers all the features of 
other laser marking systems on the market - at a fraction of the price! 
Fenix marks alphanumerics, graphics, and more at speeds up to 1 80 
characters per second. 


FENIX 


LASER MARKER 


* US List price, add 10% for international shipments 


The core of this compact, self-contained system is a 25 watt Synrad 
sealed CO 2 laser. Designed for rugged environments, a Synrad laser 
can be expected to operate for tens of thousands of hours with no 
maintenance requirements. Fenix operates from a standard, user- 
supplied PC. It couldn’t be more simple to set up - just connect it to 
the computer, plug it into the wall, and start marking! 

Synrad’s own Windows®-based software, WinMark Lite, provides the 
user-interface to Fenix. This intuitive, easy-to-use software enables 
users to perform most marking functions. For advanced applications 
such as serialization, bar coding, and automation, upgrade to the fea 
ture-packed WinMark Pro™, and take full advantage of this flexible 
marking solution. 


The first truly affordable laser solution to industrial marking, Fenix 
brings all the benefits of a state-of-the-art laser system at a lower 
cost than you ever imagined. For more 
information on Fenix, call us at 

1 -800 -SYNRAD 1 , Or look US 
up on the world wide web at 

www.synrad.com/fenix 


SYNRAD 


www.synrad.com/fenix 


O 1999 Synrad. Inc. 6500 Harbour Heights Parkway. Mukilteo. WA 98275 tel (425) 349-3500 fax (425) 485-4882 email synrad@synrad.com 
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Boston Gear, Quincy, MA, will exhibit 
the modified 700 Series worm gear 
speed reducers, which are available with 
special keyways; reduced diameters; 
threaded, drilled, and tapped ends; ma- 
chined flats; drilled cross holes; snap 
ring grooves; and non-standard project- 
ing input and output shaft lengths. Hol- 
low output shafts can be bored to size. 
Double projecting input shafts are available in quill, coupling, 
and projecting shaft styles. 
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The FDM2000 rapid prototyping system will be displayed by Stratasys, Min- 
neapolis, MN. The system is based on die company’s patented fused deposi- 
tion modeling technology, and can build models up to 10 x 10 x 10” within 
±0.005" accuracy. Available materials include ABS, medical-grade ABS, and in- 
vestment casting wax. The system operates on Hewlett-Packard, Silicon Graph- 
ics. Sun Microsystems, and Windows NT workstations. The system uses Quick- 
Slice 4.1, the company’s proprietary’ operating software. 
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Metal Belts 


Design Engineers count on 
Belt Technologies, Inc. for simple 
solutions to complex problems. If 
you’re considering chain, cable, 
ballscrew, or rack and pinion drives, 
call us. There’s no charge for design 
assistance... and you’ll be amazed 
at what metal belts can do! 

PRECISION POSITIONING 

Positioning accuracy to +/-.001" 
with repeatability to .005" 

SPECIAL ADVANTAGES 

Metal belts are ideal for automated 
assembly. Static free, thermally 
conductive, easily cleaned and inert. 
The simple choice for food and 
medical applications. 


11 Bowles Road • Box 468 • Agawam , MA 01001 USA 
TEL (413) 786-9922 • FAX (41 3) 789-2786 


SIMPLE SOLUTIONS 


TECHNOLOGIES, INC. 

www. BeltTechnologies. com 



Booth 
3534 

Balluff, Flo- 
rence, KV, will 
display the BOD- 
26 laser distance sensor, which indicates 
object position to 80 pm resolution. Red 
laser light and dot size of 0.9 mm make 
the optical distance sensor suitable for 
non-contact dimensional measurement 
checks of small objects, level detection, 
tool condition checks, and surface check- 
ing, regardless of background conditions. 
The sensor uses triangulation to deter- 
mine distance to objects. Powered by 18- 
28 VDC, the sensor has an operational 
sensing range of 45-85 mm. It is reverse- 
polarity and short-circuit protected. 
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Booth 
160 

The M Se- 
ries miniature 
air cylinders 
will be dis- 
played by 
Mead Fluid 
Dynamics, 

Chicago, IL. Available in bores from 
1/4", the cylinders provide linear mo- 
tion in limited or restricted space. The 
MA models feature a threaded body; 
the MF models offer a rectangular, flat 
body; and the MN models feature a flat 
body and a threaded nose mourn AM 
cylinders are available in single- and 
double-acting models. They have 
bronze rod bearings and stainless steel 
piston rods. A non-rotating option is 
available on some models. 
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Introducing the NEW 
Dash 8 Series 
Recorders... 



You provide 
the signals, 

we’ll handle the rest 


* Signal conditioning for any application 

* 10.4 inch color monitor for real-time 
viewing and playback 

* Internal 2 Gbyte hard drive for data 
capture 


• 100 Mbyte Zip drive for storage 

• 8 Channels with isolated inputs 

* Real-time math option 

* Rugged, compact and portable- 
less than 20 lbs 


The all-new Dash 8 series features two models, each engineered for specific input types. 
The Dash 8n is designed with high voltage, isolated inputs, while the Dash 8u features 
universal inputs for voltage, temperature, DC bridge and optional F to V, RTD and high 
voltage inputs. The Dash 8 series - truly remarkable recorders and data acquisition 
instruments ideal for all your recording needs. 


Call, E-mail, Fax, or write to us today lor all the details. 


Sales and Service Centers throughout the 
U.S., Canada and Europe. 

Dealers located throughout the world 

Astro -Med is System Certified to ISO 9001 


Jther recorder and data acquisition products from Astro-Med 


KH Astro-Med, Inc. 

WbJ. JtEST & MEASUREMENT DIVISION 

Astro-Med Industrial Park, West Warwick, Rhode Island 02893 

Telephone: (401) 828-4000 • Toll Free: 1-877-TMSYSTEM • Fax: (401) 822-2430 

In Canada Telephone: 1-800-565-2216 

E-mail: astro-med@astro-med.com • Web Site: www.astro-med.com 









Booth 1625 

Baystate Technologies, Marlborough, MA, will 
introduce CADRES' Design Suite modeling soft- 
ware. which integrates 3D automation tools — in- 
cluding advanced wireframe, surface, and solid 
modeling — with mechanical design features. The 
POGAD software incorporates solid modeling features of CAD KEY 98, 
surface modeling features of FastSURP, and mechanical features of 
DRAFT-PAX 5 . The package also includes AOS* 4.2 solid modeling, photo- 
realistic rendering, multiple document interface, and the ability to gener- 
ate 2D engineering drawings. Data translators allow transport of all data 
types to o tlier CAD/CAM /CAE environments. 
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A linear actuator based on high-torque 
stepping motn technology will be displayed 
In Eastern .Air Devices. Dover. Ml. The Mfc? T J 

motor consists of a NEMA size 23 stepping 
motor and lead screw interface. It measures 1.8" in length and can de- 
liver up to 180 pounds of linear force. A hollow’ shaft motor design ac- 
commodates leadscrews and ballscrews to 3/8" diameter. Special lead- 
screws are machined in a choice of materials and lengths for most 
applications. 
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Spectral Solutions 

The SM Series spectrometers employ high 
sensitivity linear CCD arrays and precision 
optics lor low light level detection 
applications. The improvement in detector 
array and supporting electronics ensures a 
spectral and photometric stability over time 

and temperature. 


Also available: 

[ Unique dual-beam 

* spectrometer 

* Computer-controlled 

monochromators 
and spectrographs 
xAccessories 


CVl Spectral Product* - SW 




CVl Spectral Products - East 
TEL (860) 928-1928 
FAX (860) 928-1515 


I EL (505) 296-9541 
FAX (505) 298-9908 


• * v/x /io-iju r/\A Z7fi-T7vo SPFCTR r II 

instrumcnts@cvilaser.com • www.cvispcctral.com PRODUCTS 



Booth 4521 


The Siebe SensorC Aibe" posi- 
tion measurement sensors will 
be displayed by Selco Products, 
Orange, GA. The plug-and-play 
position-sensing potentiometers 
have environmental seals that 
withstand rugged conditions 
and applications requiring long 
operational life. The sensors fea- 
ture both quad-ring shaf t and 
full-housing seals. The SA and 
SP versions offer integral Amp 
and Panduit mating connectors 
for lx > tli external and front- 
panel applications. All models 
offer rotational life of 10 million 
full cycles and 50 million dither 
cycles. The sensors feature an 
operating temperature range of 
-55°C to + 125°G. 
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Booth 2536 

The PF (PowerFlex) 

Series of couplings will 
be displayed by Helical 
Products, Santa Maria, 

GA. The key coupling 
component Is the HEL1-CAL Flexure, a flex- 
ible helix beam machined from one piece 
of material into a specific configuration that 
incorporates special design requirements, 
features, and characteristics. In addition to 
the HELI-GAL Flexure, the couplings fea- 
ture removable tapered bushings, torque ca- 
pacity up to 1800 lb/in. , and misalignment 
capability of 4 degrees angular. Because 
shaft sizes are contained in the tapered 
bushings, the couplings can be assembled to 
suit customer specifications. The couplings 
are available in both inch and millimeter 
bore sizes, in aluminum or stainless steel. 
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Booth 2716 


Booth 
4520 

The Model 605 
DC angular dis- 
placement transducer 

will be displayed by Trans-Tek, Elling- 
ton, CT. The transducer offers accu- 
racy to 0.03°, and eight measurement 
ranges for sensing angular position 
up to 300° of rotation. With a 3-kHz 
frequency response, the transducer is 
suited for use as a servo feedback 
sensor. Features include standardized 
DC outputs including 4-20 mA, two 
mounting options, connector termi- 
nation, and a rugged housing. Accu- 
racy is greater than 0.25% FS includ- 
ing nonlinearity, hysteresis, 
repeatability, and unit-to-unit varia- 
tion. Extended temperature range 
versions and specially sealed units are 
available. 
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The Stamping Division of Keystone Electronics Corp., Asto- 
ria, NY. will offer a catalog of custom and standard metallic 
and non-metallic components and hardware. The company 
offers CAD design and engineering services; and stamping, 
manufacturing, and assembly operations that incorporate in- 
die tapping, plating and assembly, and press capacities to 45 
tons. Progressive, blanking, and forming dies are available. 
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Booth 4131 

DicQua Corp., Blooiningdale, IL, will ex- 
hibit the Tandler line of servo speed reduc- 
ers, which incorporate a motor mounting 
design that consists of a two-piece axial fit 
bellows coupling that isolates the internal gearing from the motor 
shaft. By eliminating shaft deflection, noise is reduced. Also on dis- 
play will be the Tandler low backlash spiral bevel gearboxes, and 
other couplings, actuators, and power transmission components. 
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Computer Mounting Solution: 



Ergonomically position your 
computers w herever you need 
them-with Ergotron’s 
Computer Mounting Solutions 



Wall Mounts 


Mobile WorkCenters 




E^GOTROn 

1.800.888.8458 http://www.ergotron.com 
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Digital Approximation 
Premodulation Filter 

Because this filter is synchronized with 
the bit-rate clock, it always produces die 
proper wave shape, regardless of the bit 
rate of die unfiltered data signal. The fil- 
ter is designed for the transmission of ser- 
ial digital data. 

(See page 44.) 


Snapshot CCD Camera With Mi- 
croelectromechanical Shutter 
The proposed camera is shuttered by a 
planar array of micromachined, electro- 
mechanically actuated shutters. The cam- 
era is pail of a \isible/near-infrared imag- 
ing spectrometer using commercial off- 
the-shelf CCDs. 

(See page 51.) 



Harmonic Drive 
SERVO ACTUATORS 
andGEARHEADS 

• Very accurate positioning 

• High ratios 

• Zero backlash 

• Compact 

• High overhung 
load capacity 


ISO 9001 
CERTIFIED 


New Tooth Design for Greater Stiffness 

Our new tooth design provides greater stiffness for even more 
impressive performance and accuracy. 

Configured to Your Needs 

Harmonic Drive Technologies servo actuators, gearheads, 
and components are available in a wide range of sizes, capacities, 
and standard or custom configurations. 

To discuss your specific motion control requirements with one 
of our experienced engineers, call, fax, or e-mail us today: 
Harmonic Drive Technologies, 247 Lynnfield Street 
Peabody, MA 01960, TEL: (978)532-1800, FAX: (978) 532-9406, 
www.harmonk-drive.com, info® harmonic -drive.com. 


Harmonic 

Drivel 

V TECHNOLOGIES 


Zb 4 Sb 3 : A High-Performance 
Thermoelectric Material 
Zb 4 Sb s offers a tiiermoelectric-perfor- 
mance advantage for generating electrical 
energy from heat sources in the tempera- 
ture range from 200 to 350 °C. There are 
many potential applications for thus mate- 
rial in thermoelectric generators, espe- 
cially in recovering electrical energy from 
waste heat 
(See page 54.) 

Cold Hibernated Elastic Memory 
(CHEM) Expandable Structures 
The feasibility of a new class of light- 
weight reliable, simple, low-cost expand- 
able structures was experimentally con- 
firmed. Parts made from this material can 
be compacted, stowed away, deployed, 
recompacted, etc., via heating and cooling. 
(See page 56.) 

Ceramic Hybrid 
Electromechanical Systems 
These systems overcome disadvantages 
while retaining most of the advantages of 
microelectromechanical systems. Mature 
manufacturing techniques of ceramic 
hybrid structures practiced in the elec- 
tronics industry will be used to produce 
these systems. 

(See page 61.) 

Optoelectronic Liquid-Level 
Gauges for Aircraft Fuel Tanks 
Gauges that would measure liquid lev- 
els optically are proposed for aircraft fuel 
tanks. These gauges would have no mov- 
ing parts and no wiring inside the tanks. 
Replacements can be accomplished in 
minutes instead of days. 

(See page 63.) 

Shape-Memory-Alloy 
Thermal-Conduction Switches 

Use of these switches would be relatively 
cheap and reliable. The switches would be 
used to connect equipment to heat sinks 
to help maintain the required operating 
temperature. 

(See page 64.) 



Surface-Plasmon Reflective 
Flat-Panel Color Displays 

These display devices would be oper- 
ated without internal lighting, would 
consume much less power than active- 
matrix displays, and would be readable 
in bright light. 

(See page 68.) 
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THE RIGHT BUS FOR 
YOUR DATA HIGHWAY 


In Integrating instruments and related 
devices in a PC-based test system, 
the choices are many. 


S uccess in getting test data 
to where it’s needed is 
analogous to using public 
transportation: you have 
to use a bus with the right 
number. Lately, users have a confusing 
array of data buses from which to 
choose. From the legacy serial buses to 
several new bus developments, the 
user’s options have been gready expand- 
ed: RS-232, RS-422/485, EPP, IEEE-488, 
USB, IEEE-1394 (FireWire), Ethernet 
and more. Several of these may do the 
job, but some make the trip a lot faster 
and more pleasant. 

Which bus is best for a specific appli- 
cation? To help answer that question, 
this article surveys various communica- 
tion buses a user might consider for 
integrating instruments and related 
devices in a PC-based test. Some of the 
issues discussed include: 

• Inadequate speed/bandwidth of some 
of the buses; 

• Inability of instruments equipped to 
use newer, easy-to-use high-speed buses; 
• Methods for adapting present instru- 
ments to a wide-bandwidth bus; and 
• Recognizing when the bus isn’t the 
problem in limiting data transmission 
throughput. 

Characteristics of Buses 

Table 1 shows selected data communi- 
cation buses and their salient features, 
as seen by Keithley Instruments engi- 
neers. 

One of the most pronounced differ- 
ences between the various communica- 
tion buses is speed. As seen in the table, 
the speed ranges from 20 kbps for RS- 
232 to 100 Mbps for 100BaseT Ethernet. 
However, when choosing a bus for in- 
strumentation purposes, users are usual- 
ly constrained by the capabilities of the 
instrument, which means that they can’t 
directly use some of the new high-speed 
buses, such as FireW T ire. This is most 
common in both legacy and new bench- 
top instruments, such as digital multi- 
meters (DMMs), that are controlled 
over the IEEE-488 bus. Fortunately, how- 
ever, interface controllers are available 
to enable these instruments to transmit 
over several of the other buses. 


Serial Port Connections 

The serial interface network connec- 
tions — RS-232, RS-422, and RS-485 — are 
one of the most popular ways to per- 
form remote I/O between PCs and elec- 
tronic instruments today. Because this 
networking methodology has been in 
existence longer than most, and is easy 
to use, it retains its popularity. 

RS-232. All PCs shipped up to today 
are equipped with a serial port that can 
support RS-232 communications. RS- 
232, a serial asynchronous communica- 
tions standard, is the simplest and the 
lowest-cost bus and operates at a rela- 
tively slow data speed of 20 kbps. It can 
only operate up to 50 feet, but its range 
can be expanded by using a modem. 
There is no standard protocol built-in to 
the serial interfaces, which means that 
software terminal programs must be 
used to provide control. Only one 
device can be controlled from a single 
RS-232 port, and there is no electrical 
isoladon to protect the PC from haz- 
ardous voltages. In addition, the signals 
are referenced to ground, making them 
subject to line noise. 

Although the new USB bus is poised 
to replace RS-232 on new PCs for con- 
sumer and business applications, the RS- 
232 serial port may be retained on PCs 
for industrial use for a longer period of 
time because of the large installed base 
of devices supporting this standard. 

RS-422/485. The PC’s serial port also 
supports RS-422 and RS-485 buses, 
which are an improvement over RS-232 
because they support 10 and 32 devices, 
respectively, at speeds from the base 1.2 
kbps up to 10 Mbps. In addition, these 
serial standards use differential trans- 
mission protocols for greater noise 
immunity and communicate beyond RS- 
232’s 50-foot limit. Distance capability 
ranges from 4000 feet at 100 kbps to 50 
feet at 10 Mbps. In addition, RS- 
422/485 ports are electrically isolated, 
deterministic, and robust, which makes 


them well suited for industrial applica- 
tions. However, use of RS-422/485 
requires installing an interface card in 
the PC, increasing the system cost over 
RS-232 solutions. 

To enable a PC equipped with an RS- 
232 port to communicate with RS-485 
devices, a RS-232-to-RS-485 converter 
module is available. The module, exter- 
nal to the PC, enables a single RS-232 
port to communicate with up to 32 
RS-485 devices over distances up to 
4000 feet. 

Parallel Port Connections (EPP/SPP) 

The Enhanced Parallel Port (EPP) 
together with the Standard Parallel Port 
(SPP) are the most popular PC ports 
used to connect peripherals today. The 
parallel port is most commonly used to 
connect printers to a PC, but because of 
its universality is also used to connect to 
data acquisition hardware. EPP, com- 
pared to SPP, provides bidirectional 
capabilities over distances up to 50 feet 
and increased speed — up to 500 kbps 
burst, and 100 kbps for continuous 
operation. EPP operation can be config- 
ured on most PCs using the BIOS utility, 
so an interface card is not required. The 
parallel port’s increased speed, com- 
pared to the serial port’s, makes it more 
suitable for data acquisition applications 
requiring higher sampling rates at a low 
cost. The PC parallel ports are expected 
to be replaced by the new USB bus as 
peripherals supporting this bus come to 
market. 

GPIB: IEEE-488 and HS488 

The General Purpose Interface Bus 
(GPIB), officially designated IEEE-488, 
is the industry-standard bus used for 
controlling instruments from a PC. 
Compared to most serial and parallel 
port bus configurations, IEEE-488 oper- 
ates at higher speeds of up to 1 Mbps 
over distances of up to 6.5 feet (2 m). 
However, this distance can be extended 




into the same space 


you need smaller and 


smaller components, 


Fortunately, our selection 



of surface-mount components 



A wide range of solutions for your designs , available worldwide. 



With Omron, you get all the advantages of working with a single supplier for both surface-mount 
and through-hole components: great convenience, consolidated pricing and better delivery 
coordination. Learn more. Contact us by phone (800-55-0MR0N), fax (847-843-7787), 
. website (www.omron.com/ads/surfacemounted) or, for immediate specifications, 
ControlFax (847-843-1963). 


Products 

Specifications 

Applications 

Optical switches 

5 

EE-SX1107/1108/1109/1131 (ControlFax #7050) 

Phototransistor output 
1, 2 and 3 mm slot widths 
Detect objects as small as 0.15 x 0.6 mm 
Dual channel EE-SX1131 can be used as a 
position encoder 

Copier/fax paper path 
Tape/media storage 
Garage door opener 
Computer mouse 

Relays 

1 *ti 

■ 

A 


G6K (ControlFax #13310) Q6S (Control Fax #13309) 

DPDT, 1 A @ 30 VDC, 0.3 A @ 125 VAC DPDT, 2 A @ 30 VDC, 0.5 A 9 125 VAC 

37.5 VA. 30 W maximum switching capacity 62.5 VA, 60 W maximum switching capacity 

Gull wing and inside "L" terminals Meets 2.5 kV Bellcore surge requirement 

4.5, 5, 12, 24 VDC coil voltages Non-latching and latching versions 

Gull wing and inside “L’ terminals 
3. 4.5, 5, 6. 9. 12. 24 VDC coil voltages 

G6K: 

Network interface cards/units 
Test equipment Home security, 
thermostats Medical monitoring 

G6S: 

Telephone central office switches 

Digital loop carrier 

SONET 

DIP and Tactll 
switches 

e 

A6S DIP switches (ControlFax #16404) 

Rat and rased actuator models, tape sealed 

washable version available 

2, 3, 4. 5. 6, 7, 8. 9, 10 pole versions 

Selector switches for 
modems, audio. HVAC and 
data communications 
control boards 

B3SN Tactile switches (ControlFax #16202) 

160 ±50g operating force 

SPST contact, with or without ground terminal 

Sealed construction to IP62 for dust and humidity 

Keypad switches for garage 
door openers, thermostats, 
home alarm systems, data 
communications 


omRoa 

Giving you every advantage. 

Visit us at ASHRAE Booth #2355 and National Manufacturing Week Booth #6155 
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RS-232 
Serial Bus 

RS-422/ 485 
Serial Bus 

EPP 

Enhanced 
Parallel Port 

GPIB 

IEEE-488/ 

HS488 

USB 

Universal 
Serial Bus 

FireWire 

IEEE-1394 

Ethernet 
1 0BaseT/ 
1 OOBaseT 

Max Speed 

20 kbps 

1 .2 kbps 
to 10 Mbps 

100 kbps 
continuous, 
500 kbps 
burst 

1 Mbps/ 
8 Mbps 

12 Mbps 

400 Mbps 
(1.6 Gbps 
planned) 

10 Mbps / 
100 Mbps 
(1 Gbps 
planned) 

Shared 

Bandwidth 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Max Distance 
from PC 

50 ft 

4000 ft. @ 

100 kbps. 50 ft 
@ 10 Mbps 

30-50 ft 

6.5 ft. (2m)/ 
cable. 

Can extend to 
6562 ft. 

(2 km) 

System bus 50 
ft., or 16.5 ft. 
(5m)/ 
cable 

15 ft. (4.5m)/ 
cable 

Up to 3000 ft., 
unlimited 
with repeater. 
328 ft. (100m) 
from hub 

Max No. 
Devices. 

1 

10/32 

1 

15 

127 

63 

255 

Point-to-Point 

Yes 

Yes, with 
multidrop 

Yes 

No 

No 

No 

No 

PC Req’d 
Interface 

No 

Yes 

No 

Yes 

No 

No 

Yes 

All PCs 
Support 

Yes 

Yes 

Yes 

No 

New PCs 
only 

Few PCs 
(future std) 

No 

Cabling 

4-wire 

4-wire 

25-wire 

24-wire 

4-wire 

6-wire 

4-wire 

Cost 

Low 

Medium 

Low 

High 

Low 

Medium 

Medium 

Pro 

Easy 

installation 

Noise immuni- 
ty, isolated 
electrically, 
deterministic 

Easy installa- 
tion, faster 
than most seri- 
al port configu- 
rations 

Interrupt line, 
moderately 
high-speed 
with HS488 

True plug- 
and-play, hot 
insertion, 
wiring, drivers 
built-in. 

True plug-and- 
play, hot 
insertion, high 
speed 
acquisition 

Access and 
share data 
from anywhere, 
great legacy 
high speed 

Con 

Wiring, not 
isolated electri- 
cally, slow 

Wiring 

Limited transfer 
rates 

Proprietary 

drivers 

Limited transfer 
rates, cell 
orientation 

Low PC 
penetration 

Non- 

deterministic 


Table 1. Features of Selected Data Buses 


up to 6562 feet (2 km). One advantage 
of IEEE-488 is its ability to share band- 
width with up to 15 devices, and another 
is its ability to provide interrupts to con- 
trol the CPU’s processing activities. A 
disadvantage of IEEE-488 is that a PC 
interface card is required, as well as a 
unique software driver for every instru- 
ment connected. While the bus itself is 
an open standard, all the software dri- 
vers are proprietary. 

The controversial proposed enhanced 
IEEE-488 standard designated HS488 
specifies that it can operate at speeds up 
to 8 Mbps. However, it is not clear 
whether or when this proposed new 
standard will be officially recognized. 
Some manufacturers envision compati- 
bility between standard GPIB and HS488 
instruments. Nevertheless, devices sup- 
porting this proposed standard are on 
the market today. 

Because of the large installed base of 
standard GPIB instrumentation, notably 
benchtop instruments such as DMMs 
and counter/timers, it is expected that 
this bus will be around for a long time, 
even with migration to USB and 
FireWire. However, in order to enable 


these instruments to take advantage of 
the greater bandwidth of the newer 
buses, as well as to provide the flexibility 
to communicate over a PC’s serial and 
parallel port, vendors have developed 
interface controllers. The controllers 
are modules supported by software dri- 
vers, located outside the PC, that trans- 
fer control of IEEE-488 instruments to 
another type of bus. These interface 
controllers include IEEE-488-to-Ether- 
net, USB, RS-232, RS-485, or the parallel 
port (EPP and SPP). 

Universal Serial Bus (USB) 

Universal Serial Bus is a newcomer 
that will become ubiquitous on PCs, 
because it is incorporated into every 
new PC shipped as of early 1998. 
Originally adopted as a standard by 
Intel and Microsoft for use in consumer 
applications, USB has found its way into 
the industrial arena. USB supports rela- 
tively high speeds — up to 12 Mbps, 
which is roughly 50 times faster than an 
RS-232 serial port and 10 times faster 
than EPP, and makes installation of 
peripherals hassle-free because it pro- 
vides true plug-and-play, hot swapping. 


and 5-V power-up for low-draw (500- 
mA) devices. Because PCs equipped for 
USB have software support built into 
their operating systems for many types 
of common devices, device drivers and 
interface cards are not required for 
these devices. In fact, connecting 
peripherals is as simple as plugging in a 
toaster. (For newer peripherals not sup- 
ported by current software operating 
systems, drivers must be developed, 
which requires an expertise in Windows 
NT driver development.) USB devices 
are controlled by the host PC, which 
manages latency and can support up to 
127 devices (compared to GPIB’s 15) 
using a hubbing arrangement. An 
advantage of USB is that it can guaran- 
tee a device a certain percent of band- 
width and provide a high overall band- 
width utilization as well. 

USB’s industrial use is expected to be 
concentrated in the area of data acquisi- 
tion, with migration to USB expected to 
be strong for those applicauons now 
using the serial and parallel ports. This is 
because the invested base of instrumen- 
tauon using serial and parallel ports is 
not as large as the IEEE-488 instrument 
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Our data recorder interface sqfiwarejbr 
Window? 95 and Windows NT enables high 


speed digital data tranrfer/rom our 200 & 1000 
Series data recorders, performs various control 
Junctions andjeaturts quick eas y operation . 



Quality is easy to detect. And no company provides a higher caliber of digital 
instruments than Sony. Reliable. Field-proven. And 
loaded with features that meet your needs for any type 
of on-site data acquisition. Our lightweight, easily 
portable data recorders use progressive technology such 
as Advanced Intelligent 'Ripe (AIT), the new standard for high speed, large capacity 
digital data storage. But that's not surprising, considering our record for pioneering 
DAT technology. Sony data recorders. Call us today and learn how you can take 
data acquisition to dramatically new levels. 



Sony Precision Technology America. Inc., 20381 Hermana Circle. Lake Forest. CA 92630 
tel 949.770 8400 lax. 949.770.8408 www.sonyprecision.com 


SONY 







base. However, currently only a very lim- 
ited number of vendors have produced 
instrumentation supporting USB. 

FireWire (l€ee-1394) 

Similar to USB, IEEE- 1394, also com- 
monly known as FireWire (a trademark 
of Apple Computer, Inc.), is a serial bus 
geared to high-speed applications. Be- 
cause its data rate is 400 Mbps, with devel- 
opments planned to extend it to as high 
as 1.6 Gbps and even higher, FireWire 
can handle virtually all continuous high- 
speed data acquisition applications, 
including video and high-speed printing. 
Currendy, specifications call for band- 
width to be shared with up to 63 devices, 
with the use of bridges to expand the 
number of devices into the hundreds. 
Cable length is limited to 15 feet (4.5 m), 
but is expected to increase to 82 feet (25 
m) or farther using extenders. 

Like USB, FireWire provides true plug- 
and-play and hot swapping. Desktop and 
laptop PCs are starting to appear that 
have FireWire connectors as standard 
equipment, and Microsoft has included 
native driver support in its Windows 98 
and NT 5.0 operating systems. A special 
work group has been formed within the 
1394 Trade Association to develop stan- 
dard protocols and command sets, much 
like GPIB, which will allow instrumenta- 
tion and industrial control devices to 
work together and communicate in a sys- 
tem environment using FireWire technol- 
ogy*. As the number of FireWire devices 
increases, and this new standard prolifer- 
ates among the PC world, high-speed 
data acquisition will be tremendously sim- 
plified. 

Ethernet 

Ethernet is an open network standard 
for communications networks that was 
standardized in the ‘80s by IEEE and has 
now become the enterprise network de 
facto standard. While it has traditionally 
been used as an office data network, 
many engineers are now discovering 
that it is well suited for industrial remote 
I/O applications. It provides high-speed, 
multidrop transmission capabilities at 
low to moderate cost. 

While Ethernet can use several proto- 
cols, the protocol of choice is TCP/IP, 
which is compatible with Windows® 95, 
98 and NT operating systems, UNIX, 
and the Internet. This means that the 
user will not run into interoperability 
problems. Ethernet operates at data 
speeds of 10 Mbps (lOBaseT) or 100 
Mbps (100BaseT), with development of 
a 1-Gbps capability expected shortly. 


Wide bandwidth means that fast 
response to events can take place as well 
as allowing up to 255 devices to share 
the bandwidth and communicate on the 
network. Ethernet’s transmission dis- 
tance is one of its high points. While 
individual cable lengths from a hub to a 
device are limited to 328 feet (100 m), 
by using repeaters and/or the Internet, 
data can be transmitted worldwide. 

Ethernet’s network components are 
priced low compared to competitive 
networks, primarily due to the large vol- 
ume of products being manufactured. 
Interface cards are required, but are 
priced under $50. Adding to a network 
is accomplished by adding hubs, priced 
under $100, that can add as many as 
eight more devices to a network. Devices 
are added to the network by simply plug- 
ging them into a hub. (USB’s hot-swap- 
ping feature is not available on Ethernet 
systems.) A software driver is required to 
enable the PC to communicate with the 
Ethernet interface card. 

As with all systems, there are certain lim- 
itations that must be addressed. Ethernet 
is an asynchronous nondeterministic sys- 
tem. This means that hard real-time 
events, such as those in process control 
applications requiring interrupts in the 
low-microsecond range, can’t be ade- 
quately controlled over an Ethernet net- 
work. Because Ethernet delivers data pack- 
ets over the network in a random fashion, 
with only one transmission taking place at 
a time, delivery time can’t be guaranteed. 

Data acquisition from sensors over 
Ethernet is a common application for 
those companies that need to have 
access to the data at several sites within 
the enterprise. For example, an engi- 
neer can access the data from his desk- 
top PC, or a quality engineer can moni- 
tor the product from a centralized loca- 
tion in another city over the Internet. 
This great flexibility can result in a con- 
siderable savings in personnel time and 
travel costs. While most instrumentation 
applications are still using IEEE-488 for 
networking, several vendors have intro- 
duced instrumentation products with an 
Ethernet communication interface. 

In addition, for IEEE-488 instrumen- 
tation without a built-in Ethernet inter- 
face, vendors have developed separate 
interface controllers to provide the 
required compatibility to Ethernet. In 
fact, it has emerged as a viable field bus. 
Keithley ‘s 1997 survey of in-plant system 
engineers found that about 37 percent 
were using an Ethernet network to cap- 
ture measurement data, and this same 
group forecast that 43 percent of mea- 


surement applications would use 
Ethernet in the near future. 

Making the Right Choice 

When it comes time to select the cor- 
rect bus for a particular application, do 
not be deceived by the advertised maxi- 
mum speed. Few systems operate at the 
maximum speed, because of factors such 
as the communication protocol, applica- 
tion software, and the PC’s operating sys- 
tem, as well as other latencies common 
to the PC. Other parameters affecting 
actual speed are the distance between 
the sensor and PC as well as the number 
of devices sharing the bandwidth. Often- 
times the data throughput will be only a 
small fraction of the bus’s maximum 
speed. For example, for USB with maxi- 
mum speed of 12 Mbps, the actual 
throughput is only about 100 kbps due 
to the various latencies. 

To make the correct bus choice the 
user must first calculate the sampling 
speed that the application requires. For 
example, for users measuring tempera- 
ture using a thermocouple, the speed of 
a serial or parallel port connection 
would be very adequate. However, for 
applications requiring the collection 
and sharing of data from a remote loca- 
tion miles away, an Ethernet connection 
would be most appropriate. 

Systems built around IEEE-488, of 
course, dictate the use of that bus, or if 
the user wants to use another bus, the 
purchase of an IEEE-488 converter is 
required. For high-speed data acquisi- 
tion applications today not requiring 
hard real-time response, the answer is 
Ethernet. However, as software protocols 
evolve and FireWire is available on all 
PCs and widely supported by instrumen- 
tation manufacturers, that would most 
likely be the best choice for high-speed 
applications. USB would be the choice 
for lower-speed applications when sup- 
porting instrumentation is available. 

Picking the right bus for your data 
highway involves knowing the character- 
istics of all the buses available, deter- 
mining specific needs, and balancing 
those against your budget. With all the 
new developments taking place in 
instrument and bus architectures, the 
decisions you made yesterday and today 
very likely will be different from those 
you make tomorrow. 

For more information , contact the author 
of this article ; Gary Sakmar, staff engineer 
for Keithley Instruments , 28775 Aurora Rd ., 
Cleveland, OH HI 39-1891; (440) 2484)400; 
fax : (440) 248-6168; http://www.keithley.com . 
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Die lightest microwave cable in die world 
is blowing people's minds. 


UTiFLEX® cables with DuPont’s* ARACON® metal - 
clad fibers are light as a feather...stronger than steel. 

When you put together a team like Micro-Coax and DuPont*, you 

expect breakthrough results. And 
they delivered! 

That breakthrough is the new 
UTiFLEX UFJ (Lightweight 
Ultra Low Loss) Senes 
cables. Using 

DuPont’s* ARACON* ultra-thin fiber as the 
shielding braid instead of heavier silver- 
plated copper wire, these new cables shatter 
all bamers in lightweight performance. 


The UFJ Series is 25% lighter than comparable braided copper cable 
with a strength that’s five times greater than steel! When you marry 
those incredible specs with UTiFLEXs insertion loss of 0.2 dMt. at 
18 GHz, you get a unique cable that can handle just about anything. 




The new cables are perfect for space-flight, aerospace, and 
airframe applications— anywhere and everywhere lightweight •_ \ 
microwave cables are a critical design element. 

UTiFLEX cables with ARACON? They’re going to change the way you 
think about microwave cables... forever. For more derails, 
call for our FREE brochure at 1-800-223-2629, 
or visit us at www.micro-coax.com 

MICRO-COAX' 

Leading the way in transmission line solutions. 

ARACON* is a DuPont* registered trademark. 
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Thermoplastic Weld Has Ergonomic and etb CONNECTORS 

Environmental Benefits 

A technique available for license is a simple, cost-effective plastic welding process. 

Lucent Technologies, Murray Hill, New Jersey 


Thermoplastic coupling is a patented 
welding process that is used to join ther- 
moplastic parts. At the drill press, during 
a connector design brainstorming ses- 
sion, an engineer at Lucent Technolo- 
gies’ Bell Laboratories inserted a plastic 
rod into a cavity that was slightly too 
small in its cross section. He hit it with a 
hammer once to make it fit, and found 
when he tried to strike it a second time, 
it wouldn’t budge. The explanation was 
simple: a single stroke converts kinetic 
energy into thermal energy when a shaft 
is rammed into a cavity slighdy smaller 
in diameter than the shaft. Trapped fric- 
tional heat causes the two to weld per- 
manendy together. 

Thermoplastic coupling has been 
used since 1994 to weld more than 15 
million handsets for telephones. This 
welding process has resulted in cost sav- 


ings of five to eight cents per handset, 
because thermoplastic coupling elimi- 
nates the cost of two screws, and the 
labor to apply those screws. 

Other benefits of thermoplastic cou- 
pling range from the sheer strength of 
the weld to ergonomic and environ- 
mental safety. Because there are no 
harsh solvents or glues used with this 
type of welding, it is environmentally 
friendly. Thermoplasuc coupling also 
avoids repetitive-motion injuries, com- 
mon to assembly workers, by elimin- 
ating the torque modon necessary to 
apply screws. 

The thermoplasuc weld is very strong, 
since plastic is literally fused with plasdc. 
This opens the door to a myriad of uses 
for large-volume assembly of injecrion- 
molded products, such as toys, com- 
puter and other permanent electronic 


equipment housings, auto parts, and dis- 
posable medical products. 

The technology is easy to transfer and 
to implement. Process steps can be elim- 
inated on the assembly line, such as 
applying screws, glue, and a drying 
process, all typically used for a redun- 
dant assembly process. Thermoplasuc 
coupling saves money and dme, and is 
striking in its utter simplicity. 

This work was done by Robert J. O'Connor 
and Jaime R Arnett at Lucent Technologies’ 
Bell Laboratories. This technology is avail- 
able for licensing. Lucent has available an 
entire package , including a patent, press-weld 
machinery specifications , and other technical 
information necessary to implement the process. 
For more information , contact John Simon , 
District Manager, Lucent Technologies GRL 
Corp ., Miami Lakes , FL; (305) 817-8143; fax 
(305) 817-8180; e-mail : jfsimon@lucent.com. 


“Natural Computing” System 

A novel system would allow computational capability in electronic books. 

U.S. Army Research Laboratory, Adelphi, Maryland 


A patent (U.S. Patent No. 5,680,557, 
“Natural Compudng System and En- 
vironment”) describes an invention 
that allows people to do computations 
by using time-tested and trusted ways of 
representing data and information. 
This method relies on equations, tables, 
graphs, worksheets, unit strips, text, 
and so forth in computers as if these 
objects were on paper. In the “Natural 
Computing” environment, these natur- 
al features (equations, tables, etc.) are 
preprogrammed in object-oriented pro- 
gramming languages. Electronic docu- 
ments based on the “Natural Com- 
puting” format allow people to use text 
and concurrendy carry out computa- 
tions. For the end user or the develop- 
er of a solution to a computational 
problem, no further programming is 
required, other than the manipuladon 
of features in an obvious and instinc- 
tive way. 

The figure shows an example of a 
“Natural Computing” screen depicting a 
procedure object containing three other 
object types, namely a table, a graph, and 
a number of equations. Once the proce- 
dure object is highlighted and input val- 


ues are provided by the user, result values 
are output. The procedure object and 
other objects are embedded along with 
the text in the electronic document. 


The invention attacks the common soft- 
ware development problem in computa- 
tion-intensive domains. Despite the enor- 
mous achievements in computation capa- 





An example of a "Natural Computing" system screen. 
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10ES YOIR SPICE PASS THE TESTP 


Compare Intusoft’s ICAP/4 features: 



Your 

SPICE 

? 


♦ 

♦ 

♦ 

♦ 


♦ 

♦ 

♦ 

♦ 


♦ 

♦ 

♦ 

♦ 

♦ 


♦ 

♦ 

♦ 

♦ 


Based on SPICE 3F.5 with XSPICE extensions? 
Convergence Wizard? 

Failure, Worst Case, EVA, RSS, and Sensitivity analysis? 
Design validation and verification? 

Configurable schematic? 

Integrated with OrCAD v, s Capture ? 

Integrated with Protel *s Advanced Schematic v ? 
Integrated with Viewlogic**s ViewDraw ? 

Special Power and RF SPICE Model Libraries? 

Over 450 different Model Types; over 14,000 Total Parts? 
SPICE modeling tool? 

Predictor-corrector, latency, & full gear algorithms? 
Interactive parameter sweeping? 


ActiveX/Visual Basic interface and script language for SPICE? 
Simulation Templates? 

Develop your own models using C code/AHDL? 

Test program development including Fault Dictionary 
and ATE Pseudo-Code generation? 


i 

$ 


$ 


sf 


* 


□ 

□ 

□ 

j 


□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 


□ 

□ 

□ 

□ 


If you’re using Pspice , Electronic Workbench , 
or Hspice *, the answer is “Probably Not.” 


That’s because no 
other SPICE tool 
can match ICAP/4’s 
proven lsSpice4 
simulation technology. 

Simply put, ICAP/4 is the 
EDA leader in analog & 
mixed signal simulation 
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To learn more, download a FREE working 
evaluation version and FREE Spice models at: 

www.intusoft.com 

Well help you pass the test. 0 

PO Box 710 San Pedro, CA 90733-0710 
310-833-0710 ph/ 310-833-9658 fax 
email: sales@intusoft. com 
www. intusoft. com 
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bilities seen in the nineties, software devel- 
opment in calculation-intensive applica- 
tions is still slow; cosdy, and unreliable. 

This situation arises in large part 
because traditional software develop- 
ment methods require that subject-mat- 
ter specialists explain their computa- 
tional procedures to programmers 
before the data, knowledge, and proce- 
dures can be encoded for computer sys- 
tems. The inherent complexity of cur- 
rent computer language schemes has 
led to the development of an army of 
professional programmers, analogous to 
the scribes who transcribed hieroglyphic 
symbols for use by ancient end users 
before the invention of widely accessible 
alphabets and Arabic numerals. The 
need for these intermediaries between 
the user and the task introduces ineffi- 
ciency, incessant programming, and 
considerable lag between the availability 
of knowledge and its use. 

The invention relies on the natural 
way people do computations. They read 
information from journals, textbooks, 
handbooks, encyclopedic references, 
brochures, and catalogs, then transfer 
that data, information, and methods 
onto paper; do the computation; and 
record the information resulting from 
the new computations. This invention 
consists of building classes that repre- 
sent computational features such as 
equations, tables, graphs, worksheets, 
unit strips, text, and so forth in comput- 
ers as if these objects were on paper. 

The classes contain operations and 
methods to manipulate data in the 
objects that are instances of these class- 
es. In a typical domain application, 
equations, tables, and so forth are repre- 
sented as objects, and domain data and 
information are entered. For example, 
procedure objects are developed by 
connecting the necessary objects in the 
required sequence. The “Natural Com- 
puting” environment is intended to pre- 
sent a menu of objects for domain spe- 
cialists to choose objects from as neces- 
sary for a given application. 

The system presents numerous bene- 
fits. Authors of electronic textbooks, 
papers, and handbooks will be able to 
embed computational features and pro- 
cedures in text for easy computation. 
Since users of these electronic docu- 
ments will be able to use calculation pro- 
cedures directly from these sources, the 
need for applications programming pro- 
fessionals will be eliminated. Avoiding 
these intermediaries increases efficiency 
and economy and decreases the gap 
between the generation of knowledge 
and its availability in electronic books. 
The impact of the “Natural Computing” 
system could be comparable to that of 


8a 


For More Information Circle No. 472 


Electronics Tech Briefs, February 1999 





TAMURA 


At 


Has it 


TAMURA, 


All. 


(0T) 

TAMURA ^ 

meets /§& 

the toughest V=7 
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requirements. /d v e\ 13QB 


we 


design 


and make 


Do you know who really makes your 
parts? If you had to, could you reach out 
and touch the manufacturing source? 
Don't look at your suppliers. Nine out of 
ten don't manufacture and probably 
haven't a clue as to where your parts 
originate. 

Source manufacturer liability? Just 
mention the phrase and they'll run for 


cover. 


every 


product 


we sell. 


Know thy manufacturer. 

TAMURA is a high volume, world class 
manufacturer of standard and custom- 
designed power conversion and 
magnetic products. We own and 
operate all of our factories — more 
than 24 around the world — building 
2,500,000 wall plug-in power sources 
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control to achieve SIGMA 6 levels of 
product reliability. In our 70 years of 
manufacturing telecommunication, 
industrial, consumer, military and robotic 
transformers and power supplies we have 
placed billions of TAMURA parts into use 
around the globe. Small wonder, then, 
why most customers use a ship-to-stock 
acceptance program. 
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word processing, desktop publishing, 
CAD, spreadsheets, and database sys- 
tems development. 

This work was done by Som Karamchetty 


of the U.S. Army Research Laboratory. 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to Ms. Norma Cammaratta , Office of Re- 


search and Technology Applications , Army 
Research Laboratory , AMSRL-CS-TT, 2800 
Powder Mill Rd., Adelphi, MD 20783-1197; 
(301) 394-2952; fax: (301) 394-5818. 


Optical Power Supply and Data 
Communication for APS Circuits 

There would be no electrical connections with external circuits. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Active-pixel-sensor (APS) circuits and 
perhaps other dense complementary 
metal oxide/semiconductor (CMOS) 
very-large-scale integrated (VLSI) cir- 
cuits would be powered by infrared 
beams transmitted by laser diodes and 
received by photodetectors, according 
to a proposal. Clock signals for synchro- 
nizing the operations of such a circuit 
would be transmitted as modulation 
on the infrared power-supply beam. 
Command data signals could be re- 
ceived yia other, low-power infrared 
beams. Digital APS output signals would 
likewise be sent to external circuits via 
modulation of infrared beams transmit- 
ted by low-power laser diodes incorpo- 
rated into the VLSI APS chips. 


The power-supply part of the proposal 
has been made feasible by advances that 
have reduced the power demands of 
CMOS VLSI circuits. The power de- 
mand of a typical CMOS VLSI APS chip 
is now low enough that a single, suffi- 
ciently illuminated infrared photodetec- 
tor could serve as the source of a galvan- 
ically isolated power supply on the chip. 
With a sufficiendy high duty factor, the 
clock modulation on the infrared power- 
supply beam should exert little effect on 
power-coupling efficiency. 

The data-communication part of the 
proposal has been made feasible by the 
evolution of sensitive infrared detectors 
and low-power, frequency-tunable laser 
diodes. The infrared beams for input 


POWER SOURCES 


and output of data would have wave- 
lengths different from that of the power- 
input beam. By use of tuned laser diodes 
in the transmitters and narrow-band 
dielectric filters in the receivers, it would 
be possible to communicate simultane- 
ously over multiple infrared bands; thus, 
it would be possible to use a wavelength- 
multiplexing scheme to achieve a high 
data rate. 

Multiple CMOS VLSI .APS chips could 
be operated under common control and 
readout by use of a combination of wave- 
length and time multiplexing. The mul- 
tiplexing scheme could be simplified, at 
the cost of some increase in structural 
complexity, by using a dedicated optical 
fiber for data communication between 
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each APS and the common readout and 
control circuitry. 

As APS and other VLSI circuits become 
denser and more complex, design prob- 
lems pertaining to reliability of, and 
power dissipation in, electrical intercon- 
nections, become increasingly difficult. 
The problems are further intensified in 
cases in which VLSI circuits are required 
to be connected together in many-to-one 
networks. In general, the complexity of, 


and power dissipation in, electrical inter- 
connections increase approximately 
exponentially with the number of nodes, 
while reliability decreases approximately 
exponentially with the number of nodes. 
The use of all-optical input and output 
connections according to the proposal 
described above could reduce overall 
complexity and increase reliability. In 
particular, if full-duplex communication 
with frequency multiplexing of data sig- 


nals were used, then the complexity of a 
network with all opucal interconnections 
would increase only linearly with the 
number of nodes. 

This work was done by Frank Hartley and 
Bedabrata Pain of CaUech for NASA’s Jet 
Propulsion Laboratory. For further infor- 
mation , access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Electronic Components and Cir- 
cuits category. NPO-20438 


Interdigital Overlay Capacitors for Integrated Circuits 

A given amount of capacitance can be accommodated on less chip area. etb components 

NASA’s Jet Propulsion Laboratory, Pasadena, California 

Interdigital overlay capacitors have 
been invented to decrease the amount 
of integrated-circuit chip area needed to 
accommodate a given amount of capaci- 
tance. In most very-large-scale integrat- 
ed (VLSI) circuits and monolithic 
microwave integrated circuits (MMIC), 
the integrated capacitors are the largest 
circuit elements. By making it possible 
to fit the capacitors within smaller chip 

areas, this invention offers the potential Figure 1. Layers of Metal and Dielectric Material are stacked in alternation, and the metal electrodes 

to reduce the overall chip sizes, increase are connected alternately to two terminals to form a multilayer capacitor. 
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Figure 2. Measurements of Capacitance (O vs. Overlapping Electrode Area 
(A) have been fitted with a straight line represented by the equation C = 4.4 
x KM ♦ 3.35. The 3.35 pF is a fringing capacitance. 


the numbers of circuit elements that can 
be accommodated on given chip areas, 
and/or satisfy increasingly stringent 
design constraints on the dimensions of 
circuit elements. 

An interdigital overlay capacitor is a 
multilayer parallel-plate capacitor with 
thin layers of dielectric material between 
the electrodes. It is so named because its 
electrodes appear interdigitated in a cross- 
sectional view (see Figure 1 ) and because 
its layers are stacked or overlaid on an inte- 


grated-circuit 
chip. The chip 
area occupied by 
an interdigital 
overlay capacitor 
is the same as that 
of a conventional 
dielectric-overlay 
capacitor, which 
contains only one 
dielectric layer 
and thus has less 
capacitance. 

Prototype in- 
terdigitated over- 
lay capacitors have 
been made by use 
of established in- 
tegrated-circuit 
fabrication tech- 
niques: The metal electrode layers were 
made by evaporative deposition of Ti sub- 
layers to a thickness of 300 A and Au sub- 
layers to a thickness of 2,000 A. The 
dielectric layers were made by deposition 
of a nitride material deposited from a 
room-temperature electron-cyclotron-res- 
onance plasma, with patterning by a lift- 
off photolithographic process. The rela- 
tive permittivity of the dielectric layers 
was =6, and the thickness of each dielec- 
tric layer was about 1 ,200 A. To provide a 


taper needed to ensure a high yield of the 
fabrication process, each metal layer in a 
stack was recessed from the one below it 
by a margin of 5 pm. 

Figure 2 is a plot of measured capaci- 
tances of prototype one-, two-, and three- 
layer interdigitated overlay capacitors 
versus overlapping electrode area. These 
measurements show that the capaci- 
tance was doubled from 9 pF (for one 
layer) to 18 pF (for three layers) without 
increasing the capacitor base area. 

This work was done by Trong-Huang Lee, 
Jeff Hong and Imran Mehdi of Caltech 
for NASA’s Jet Propulsion Laboratory. 
For further information , access the Technical 
Support Package (TSP) free on-line at www 
nasatech.com under the Electronic Compo- 
nents and Circuits category. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to 
Technology Reporting Office 
JPL 

Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-20383, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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Using Surface-Plasmon Filters To Generate Scrolling Colors 

Efficiencies of liquid-crystal display devices would be increased. e tb optoelectronics 

NASA’s Jet Propulsion Laboratory , Pasadena, California 


Surface-plasmon tunable filters 
(SPTFs) have been proposed for use in 
generating scrolling colors on the faces 
of liquid-crystal display (LCD) devices. 
In comparison with a conventional 
color LCD device equipped with prima- 
ry-color filters, a LCD device equipped 
with SPTFs according to the proposal 
would utilize a greater proportion of 
the available luminous flux, generating 


a display about six times as bright, elim- 
inate the in-pixel dye color filters, and 
cut number of pixels to one third. 

A conventional color LCD device 
operates with linearly polarized light 
and is equipped with primary-color fil- 
ters, there being a complete set of such 
filters (red, green, and blue) in each 
pixel. Therefore half the available 
white illumination is rejected through 


rejection of one of the polarization 
components. If one primary color is 
selected for display in a given pixel at a 
given time, then no more than about 
1/3 of the remaining available illumi- 
nation is utilized. Thus, only about 1/6 
of the initially available illumination is 
utilized. 

According to the proposal, white illu- 
mination for an entire LCD device 
would be processed through assemblies 
of SPTFs and prisms. The SPTFs would 
serve as polarization-sensitive band-pass 
filters to generate the primary colors, 
while the prisms would serve as total 
internal reflectors to change the direc- 
tion of the light. 

Incident unpolarized white light 
would enter the top assembly which 
contains three SPTFs. It would allow 
only p-polarized light to generate 
scrolling RGB (red, green, blue) colors 
and would reflect the remainder of the 
incident light downward to the bottom 
of the assembly. For example, the very 
top SPTF would allow red-color pass- 
through only; the downward-reflected 
remainder of the incident light would 
be totally internally reflected toward 
the middle SPTF of the top assembly, 
which would only pass p-polarized 
green light. In a similar manner, the 
bottom SPTF of the top assembly would 
be made to pass only the p-polarized 
blue light and reflect the remaining 
light downward. At this point, the 
remaining downward-reflected light 
would comprise the s-polarized portion 
of the incident white light. 

Using scrolling color, the frame 
should change three dmes faster, i.e., a 
180-Hz frame rate is needed. For exam- 
ple, at the first 1/3 of the 1/60 second, 
the image on a black-and-white LCD 
screen would look like this : the sixth 
and the third sections are red, the fifth 
and the second sections are green, and 
the fourth and the first sections are 
blue. At the next moment, the second 
1/3 of the 1/60 second, the colors 
scrolling downward, the image on the 
black-and-white LCD screen would look 
like this: the sixth and the third sec- 
tions are blue, the fifth and the second 
sections are red, and the fourth and the 
first sections are green. At the last 1/3 
of the 1/60 second, the image on the 
black-and-white LCD screen would look 
like this: the sixth and the third sec- 
tions are green, the fifth and the sec- 
ond sections are blue, and the fourth 
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All Three Primary-Color and Both Polarization Components of the incident 
unpolarized white light would be utilized in this scheme. In contrast, a con- 
ventional color LCD device wastes about 5/6 of incident unpolarized light 
because it rejects one polarization component and two of the three color 
components. 


and the first sections are red. Therefore, one sees a full color 
image at 60 Hz. 

The bottom assembly would function similarly to the top 
assembly, except that it would be configured to receive the 
remaining downward-reflected light, and its SPTFs would be 
made perpendicular to those of the top assembly so as to 
exploit the s polarization of this light. Unlike in a conven- 
tional color LCD, the two assemblies would utilize both polar- 
ization components and all three color components of the 
white illumination. Thus, the display would be about 6 times 
as bright as is a conventional LCD. 

During each third of a frame period, the voltage applied to 
each SPTF could be changed so as to change its pass wave- 
length band to that of a different primary color. The tempo- 
ral sequence of voltages applied to the six SPTFs could be 
chosen to make the colors on the corresponding six subdivi- 
sions of the display area scroll downward or upward. 

This work was done by Yu Wang of Caltech for NASA’s Jet 
Propulsion Laboratory. For further information , access the 
Technical Support Package (TSP) free on-line at umrw.nasatech.com 
under the Electronic Components and Circuits category. 

In accordance with Public Law 96-517 , the contractor has elected 
to retain title to this invention. Inquiries concerning rights for its 
commercial use should be addressed to 

Technology Reporting Office 

jpl 

Mail Slop 122-116 

4800 Oak Groite Drive 

Pasadena , CA 91109 
(818) 354-2240 

Refer to NPO-201 10 f volume and number of this NASA Tech 
Briefs issue, and the page number. 
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GaAs-Membrane-Diode Mixer for Operation at 2.5 THz 

The design is readily scalable to other frequencies. e 

NASA’s Jet Propulsion Laboratory , Pasadena , California 


SEMICONDUCTORS 


A prototype mixer designed 
for operation at input frequen- 
cies near 2.5 THz incorporates a 
planar Schottky-barrier diode 
and a radio-frequency (RF) filter 
that are parts of an integrated cir- 
cuit on a GaAs membrane strip, 
plus several other unique fea- 
tures for which there are numer- 
ous potential applications. This 
mixer is intended to provide a 
less expensive, more reliable 
alternative to older whisker-con- 
tact-diode mixers. The compo- 
nents of the mixer are integrated 
into a robust package with an 
overall volume <1 in? (<16 cm 5 ). 

The design can readily be scaled 
to higher and lower frequencies. 

The GaAs structure is mono- 
lithic and is patterned to form 
circuit elements by use of photolitho- 
graphic techniques. The GaAs structure 
includes the membrane strip suspended 
over a rectangular hole in a rectangular 
frame (see Figure 1). The membrane 
strip serves as part of a low-loss transmis- 
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Figure 1. Integrated Circuitry is formed on top of the monolithic 
GaAs structure. The planar Schottky diode, shown at the highest 
magnification, includes an air-bridge contact finger and stress-relief 
air bridges at both ends. 


sion line and RF-coupling structure as 
well as a support and as an integral part 
of the diode and other circuit elements. 
The strip is 3 pm thick by 40 pm wide by 
600 pm long; other dimensions could be 
chosen according to the intended oper- 
ating frequency and requirement for 
mechanical rigidity. Beam leads for elec- 
trical contact with external circuitry are 
formed on the GaAs structure. 

The GaAs structure is glued into a 
copper button with a diameter of 0.175 
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Figure 2. The Mixer Is Packaged in two half blocks 
of brass. Shown here is the lower half block con- 
taining the button and the transformer. 


in. (4.4 mm) and a thickness of 
0.075 in. (1.9 mm). The button 
contains a 2.5-THz rectangular 
waveguide, a rectangular-to-cir- 
cular waveguide transition, and 
an integrated dual-mode coni- 
cal feed horn (see Figure 2.) 
The copper button is fabricated 
by electroforming plus conven- 
tional machining. The desired 
alignment of the GaAs structure 
with respect to other circuit ele- 
ments is enforced by use of a 
reference surface milled into 
the button. The button is 
pressed into a larger block (see 
Figure 2), made of brass, that 
holds a Fixed (but replaceable) 
waveguide tuner section con- 
taining a backshort, a separate 
intermediate-frequency (IF) 
quartz suspended stripline impedance 
transformer, and a coaxial connector to 
couple with such external circuitry as an 
IF amplifier or a splitter. 

In operation, the local oscillator and 
the RF signal of interest enter the mixer 
via the feed horn. The input signals are 
combined at the diode and the beat-fre- 
quency output signal (that is, the IF sig- 
nal) is removed via the RF filter on the 
membrane, the quartz impedance trans- 
former, and the coaxial connector. There 
is no tuning during operation except 
what can be achieved by adjustment of 
the dc bias on the diode. The optimal 
backshort setting is determined in a trial- 
and-error procedure in which the mixer 
is operated with tuner sections of various 
waveguide lengths inserted in the block. 

This work was done by Peter H. Siegel , R. 
Peter Smith , Suzanne Martin , Peter Bru- 
neau, and Michael Gaidis of Caltech for 
NASA’s Jet Propulsion Laboratory. For 
further information , access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Electronic 
Components and Circuits category. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to 
Technology Reporting Office 

JPL 

Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-20397, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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NEW PRODUCTS 
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For More 


Ten-Bit A/D Converter 

National Semiconductor Corp., Santa Clara, GA, intro- 
duces the ADC10321, an analog-to-digital converter 
(ADC) with 10-bit resolution, high speed of 20 MSPS, 
and single-supply operation. National say’s the device 
improves image quality in most digital video applica- 
tions, with high linearity (DNL) of 0.3 i>SB and excep- 
tional dynamic performance of 9.2 effective number of 
bits at Nyquist sampling rates. The ADG10321 is suitable 
for battery-operated portable equipment because of its 
low power consumption of 100 mW typical from a single 
5-V supply. The derice uses error correction to maintain 
accuracy and performance over the industrial tempera- 
ture range of -40 to 85 °C. Output formatting is straight 
binary coding with interface to either 3-V or 5-V logic, 
tation Circle No. 771 


Remote Control 
Receiver Module 

Vishav Telefunken Optoelec- 
tronics, Malvern. PA, releases 
the TSOF28XX. a small pho- 
tomodule for pulse-code-modulation (PCM) IR 
remote control systems with the photodetector and 
preamplifier in one package. Available with seven 
different carrier frequencies (30 kHz-56 kHz), it pro- 
vides enhanced immunity against interfering light 
sources by applying an AGC preamplifier and inter- 
nal metal shielding. The device’s sensitivity is up to 
30 m in dark ambient, and this can be improved with 
Vishay’s TSAL62XX IR emitter family. 

For More Information Circle No. 776 




Reduced-Footprint 
Programmable Filters 

The 424 and 428 series of 4-bit 
digitally programmable 4- and 8- 
pole filters from Frequency 
Devices, Haverhill, MA, use sur- 
face-mount technology to dupli- 
cate specifications of the 824 and 
828 products, which provide -100- 
dB attenuation, noise and distortion floors sufficient 
for 16-bit A/Ds, and a package that occupies 60 per- 
cent less board space. The 0.08" x 1.8" (2.03 x 4.57 
cm) package with a 28-pin DIP footprint make these 
the smallest off-the-shelf analog-programmable fil- 
ters available, according to the company. 

For More Information Circle No. 777 


ADVERTISEMENT 


OMNETICS 
CONNECTOR 
CORP. 

Omnetics designs and 
manufactures a full 
line of micro- and 
nano-miniature con- 
nectors. Standard and 
custom single, two-row, 
and circular configura- 
tions available on 
0.025’ and 0.050” centerlines. These mil-spec con- 
nectors are suitable for applications in military, 
aerospace, medical, instrumentation, and test. 
Capabilities include prototyping through high-vol- 
ume production. Omnetics Connector Corp., 7260 
Commerce Circle East, Minneapolis, MN 55432- 
3103; Tel: 612-572-0656; Fax: 612-572-3925. 

Omnetics Connector Corp. 

For More Information Circle No. 490 



Matrix Tray 
Feeders 

Envision Technolo- 
gies, Palm Bay. FL, 
say's that its feeder 
systems are designed 
to interface easily with a wide range of placement 
platforms and other host systems for inicro-BGA, flip 
chip, and bare die. Utilizing an embedded control 
board, each feeder can provide real-time status infor- 
mation. including tray in position, fault detection, 
low materials, and output full signals to the host plat- 
form. Two standard versions accommodate either 2 x 
2" or 4 x 4" matrix trays in regular or inverted for- 
mat. Tray replenishment is less than 4 seconds, and 
tray positional accuracy when presented to the host 
is less than 0.005". 

For More Information Circle No. 774 




Wafer Flatness 
Inspection System 

Veeco Metrology Group, 
Tucson, AZ. is offering 
the WYKO SFT4500 
wafer substrate flatness 
inspection system, which 
it calls the first noncontact tool to improve process 
characterization of thin-film head wafer substrates by 
providing single- or double-sided measurement of 
global and site flatness across 4.5”-square wafer sub- 
strates. Based on Fizeau piano interferometry and 
operating at wavelengths of 633 nm or 1 .06 microns, 
the system is gauge-capable for peak-to-valley toler- 
ances as low as 2 microns. The fully automated 
instrument determines flatness such as Rz. Rt. slope, 
and radius of curvature in a single measurement. 

For More Information Circle No. 778 



Nickel-Based Ceramic 
Capacitors 

Taiyo Yuden, San Jose, GA, 
calls its CE series of nick- 
el-based high-capacitance 
multilayer ceramic chips 
(MLGGs) a lower-cost high- 
er-capacitance chip than 
aluminum electrolytic and tantalum capacitors. The 
company says the MLGGs have a lower equivalent 
series resistance (ESR), no polarity for more effi- 
cient mounting, and a smaller case size and lower 
profile than those varieties. Available from 0.1 pF to 
100 pF, the MLCC has lower power loss and heat 
generation because of the lower ESR, and its imped- 
ance is lower at higher frequencies than the alterna- 
tives named above. 

For More Information Circle No. 780 





Software for 
SHARC-Based DSPs 

Blue Wave Systems, (Car- 
rollton. TX. announces 
that it has bundled 
Analog Devices’ new 
VisualDSP development tools with its owti IDE6000 
development environment. Blue Wave says that this 
will constitute the industry’s most powerful integrat- 
ed software development environment for SHARG 
based digital signal processing (DSP) systems. The 
company says the new VisualDSP toolkit has three 
main parts: a much improved C compiler tool chain, 
a simulator, and a project manager. The compiler 
allows the user to include assembly language state- 
ments in-line, so he can program in C and still use 
assembly for time-critical loops. 

For More Information Circle No. 772 



Embedded Machine 
Vision System 

The MVS-8200 series from 
(Cognex, Natick. MA, sets a 
new performance standard for 
dedicated machine vision pro 
cessing while representing the 
most comprehensive line of 
embedded vision systems cur- 
rendy available, according to the company. Each 
MVS-8200 is equipped with a 200-MHz on-board 
Intel MMX processor. Users can run Gognex’s vision 
software tools, including PatMax for high-accuracy 
part location and inspection, directly on board at 
speeds Gognex says are up to 15 times faster than 
previous embedded systems, and can choose PCI, 
CompactPCI, or VME form factors. 

For More Information Circle No. 775 


Transceivers for ATM 
and SONET/SDH 

The VSC8116 and VSC8117 
PHY transceivers from Vitesse 
Semiconductor Gorp., Gama- 
rillo, GA, have 8-bit serial-to- 
parallel and parallel-to-serial 
data conversion. They are ANSI. Bellcore, and ITU- 
T compliant physical layer devices that provide 
designers with IGs that are fully compatible with 
today’s leading LJser Network Interface (UNI) IGs. 
The VSG81 17 integrates an on-chip clock multiplica- 
tion unit (CMU) selectable for 622 Mb/s or 155 
Mb/s operation for high-speed clock generation and 
a clock and data recovery unit. The VS(^81 16 delivers 
the same functions as the VSG8117 without the on- 
chip GRU and costs less. 

For More Information Circle No. 773 



Silicon-on-Sapphire 
Pressure Transducers 

The KA21 series pressure 
transducer from Patriot 
Sensors & Controls Girp.. 
Simi Valley, GA. features 
the company’s silicon-on-sapphire pressure sensor 
paired with a resistance temperature detector 
(RTD). to provide system temperature information 
in addition to the standard pressure sensor output. 
Available in gauge, absolute, or sealed versions, the 
KA21 series is offered with a variety of pressure ports 
and electrical connector outputs, and monitors pres- 
sure ranging from 25 to 30,(XX) psi. Accuracy is ±0.1 
percent, and the unit’s all-titanium construction 
yields a weight of just 5 oz. maximum. 
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Software Validates Space Station 
"Lifeboat" 

LabVIEW 1 * instrumentation software 

National Instruments 

Austin, TX 

512 - 794-0100 

www.nadnst.com 

Engineers at NASA’s Johnson Space Outer in Houston, TX. 
are performing research, manufacturing, and testing for the 
X-38 Project, a series of four prototype Crew Return Vehicles 
(CRVs) for the International Space Station. The Final GRV pro- 
totype will be a small shuttle attached to the Space Station that 
will serve as a “lifeboat” for the station crew to return to Earth 
in case of emergencies, and may also carry cargo or 
people back and forth to the Space Station. 


The first of the X-38 Project prototypes, Vehicle 131 (VI 31) is 
a scaled-down version of the shell of the CRV designed to test 
the flight parameters, which are recorded and analyzed. During 
testing, VI 31 is attached under the wing of a B-52 aircraft and 
flown to approximately 50,000 feet. An engineer in the B-52 uses 
LabVIEW software to listen and communicate with the VI 31 via 
a laptop and Ethernet connection. After the V131 separates 
from the B-52 and begins to descend, engineers in the X-38 con- 
trol rooms use LabVIEW to monitor the vehicle’s status. 

V131, VI 32, VI 33, and the final prototype, V201, continue 
to undergo testing. The testing of the final prototype is expect- 
ed to take place in 2000, when it will be released from the 
Shuttle Orbiter. It will orbit Earth a few times, enter the atmos- 
phere, and land. 


Created with Lab VIEW, the Portable Diagnostic Terminal 
(PDT) is the software that monitors vehicle health onboard 
the prototypes. Engineers use the PDT, miming on IBM 
Thinkpads, as their interface into the vehicle and testbeds. 
The PDT is connected directly into the prototypes’ patch pan- 
els. where engineers can test software and hardware systems in 
the vehicles. 

“The LabVIEW application gives us insight into the status 
of the vehicle systems,” said Frank Delgado, software engi- 
neer at the Automation Robotics & Simulations Division 
of Johnson Space Center, and lead engineer for the PDT. 
“It gives us commanding capability over many different 
control devices and allows us to determine if we are ‘go’ or 
no go’ for final vehicle separation from the B-52 during 
llight testing.” 

As the prototypes evolve into more sophisticated space- 
craft, the PDT will develop into another human-to-machine 
interface (HMI) that will be used on the flight deck of the 

Shuttle Orbiter. The Orbiter 
will deploy the prototype V201 
from space. LabVIEW and 
BridgeVTEW, a version of 
LabVIEW used in industrial 
automation environments, will 
be used in portable devices 
derived from the PDT and in 
the control centers to support 
the final prototype and the 
CRV craft. 

The X-38 control rooms in 
Houston and at NASA's Drvden 
Flight Research Center in 
California use LabVIEW in the 
ground system communications 
and monitoring devices for the 
prototypes. LabVIEW or Bridge- 
VIEW is expected to monitor 
the final “lifeboat.” Both con- 
trol centers include a network 
of computers, specialized ser- 
vers, and display machines, all 
programmed with LabVIEW. 

“This is the first human- 
rated vehicle that we've built at 
NASA in well over 25 years,” 
said Mike Stagnaro, systems 
engineer in the Avionic Sys- 
tems Division at Johnson, and 
head of the X-38 ground systems and LabVIEW program- 
ming. “We’re doing the bulk of the work in-house with our 
own engineers and technicians. This is the kind of operation 
that gets the agency' back to its R&D roots, while addressing 
the very real issues of lowering costs and accelerating deliv- 
ery schedules.” 

According to Brian Anderson, NASA’s X-38 project mana- 
ger, “We can train our co-ops [interns] to use the [LabVIEW] 
program in just a couple of weeks. They and our programmers 
were able to write interface and test code in a fraction of the 
time it would have taken us to wTite it in C++ or another lan- 
guage. Saving time means saving a lot of money.” 

For More Information Circle No. 744 



Engineers at NASA apply LabVIEW graphical instrumentation software in the research, testing, and 
manufacturing of the Crew Return Vehicle, a small shuttle that will be attached to the International 
Space Station. 
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its Total Satisfaction 


New Low-Cost Infrared 
Thermometers a, 



Fast, 

accurate noncontact 
temperature readings— 0 to 500 °F 

Just point, click, and read. Use 
these compact infrared thermometers 
anywhere you need routine surface 
temperature readings— including 
areas that are difficult or dangerous to 
reach. Check HVAC systems, monitor 
temperature variations, or check for 
loose electrical connections. 

Standard model 39640-00 is ideal for 
routine scanning of surfaces for hot 
spots and temperature variations. Laser 
sighting model 39640-10 will visibly 
pinpoint the measured area when tar- 
geting precision is essential. Measuring 
range is 0 to 500°F (-1 8 to 260°C) with 
accuracy of ±2°. Powered by one 9 V 
battery (included). 

Cole-Parmer Instrument Co. 

For more information— Circle 533 


New Cole-Parmer® 
Waterproof pH Meters 

These pH meters stand 
up to the elements— 
indoors or out 

We’ve assembled the 
most popular features of 
our portable, hand-held 
pH meters into a rugged, 
waterproof IP67 housing. 

Get accurate, repeatable 
readings under routine or demanding 
conditions— in the lab or in the field. 
Meters include a sealed “All-in-One” 
combination electrode with built-in tem- 
perature compensation element. 

Basic model 300WP includes mV offset 
and electrode slope indicators, ready 
indicator, hold, and auto-off. Added fea- 
tures on the Advanced model 310WP 
include automatic endpoint, selectable 
buffer sets, and real-time clock. 
Advanced model will store and recall 50 
time and date stamped readings in 
accordance with GLP standards. Both 
models feature five-point calibration. 

Cole-Parmer Instrument Co. 

For more information— Circle 535 
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fooO Tull-color pages 
featuring over 43,000 
quality products for 
your laboratory 
and industrial needs! 

our dedication to 
helping our customers; 
take advantage of 
extensive technical 
support, OEM 
opportunities, calibration 
services, new technical 
training workshops, and. 4 
international services. 



to order your FREE 
Cole-Parmer Catalog! 

1-800- 

www.colepnrmer.com 
Fax: 847-247-2929 



New Ultrasonic 
Thickness Gauges 

A quick and 
non-invasive test 
for corrosion and 
surface defects 

Use these gauges to | 
inspect surfaces and 
test for defects in steel, 
cast iron, titanium, alu- 
minum, copper, brass, 
glass, ceramic, plastic, 
and more. The large 4- 
digit LCD displays 
thickness reading and the 
sound velocity of the sample. 
High-range model 59787-00 
measures 0.08 to 8 inches (2.0 to 
200 mm); low-range model 59787-10 
measures 0.035 to 4 inches (0.08 to 
100 mm). Resolution for both models is 
0.005" (0.1 mm). Gauges feature a 
water-resistant keypad for splash pro- 
tection and each includes a probe with 
2V£-ft cable. 

Cole-Parmer Instrument Co. 

For more information— Circle 534 


New Multi-Color Graphic 
Recorders 

Touch- 
screen 
permits 
rapid 

movement 
between 
displays 

Gain quick 
access to plant 
operating conditions with these full- 
color graphic recorders. The high-reso- 
lution LCD and touch-screen technology 
ensure that all functions are instantly 
accessible and easy to analyze. Models 
available with 6 or 12 isolated inputs to 
monitor thermocouples, RTD, DC volt- 
age, DC current, and ohm readings. 
Trend function displays current and his- 
torical data for comparison, and a built- 
in 1 .4 MB floppy drive lets you transfer 
data to your spreadsheet. Recorders 
feature four alarms per channel and an 
IP65 rating for use in hostile environ- 
ments. Model series 80610. 

Cole-Parmer Instrument Co. 

For more information— Circle 536 
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Circle 537 



f*N Special Coverage: 

Test and Measurement 


® A Technique for Axial/Torsional Thermomechanical 
Fatigue Testing 

Test conditions can be selected to approximate thermomechanical-loading conditions 
in engines. 

Lewis Research Center, Cleveland, Ohio 


A technique for thermomechanical fa- 
tigue testing of thin-walled tubular spec- 
imens involves the application of cyclic 
axial (tension/compression) and tor- 


sional (shear) strains, along with ther- 
mal cycling. In this technique, the phase 
relationships among the two strain wave- 
forms and the temperature waveform 


are prescribed and are maintained con- 
stant throughout a test. 

Heretofore, axial/ torsional fatigue test- 
ing has commonly been limited to 
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What else matters? 



® ® • • • 


How about the fact that there are two new products 
in HP’s E3600 Series of power supplies? 

Introducing the HP E3633A and HP E3634A. Now 
you can have power from 80 W triple output to 
200 W single output for a lot less than you’d 
expect to pay. Of course, the entire HP E3600 
Series gives you low noise and a stable output. 
And testing has never been easier or more 
repeatable — these HP programmable power 
supplies include GPIB and RS232 interfaces." 

The HP E3600 Series of power supplies: More 
clean power, an unbeatable price, and everything 
else that matters. 


HP’s E3600 Series 
Programmable Power Supplies 


Number of Outputs: 
Power: 

Voltage: 

Current: 

Noise: 

Programming: 

Price: 


1. 3 

80W, 120W, 200W 
To 50V 
To 20A 
<3mVpp 

RS232 and GPIB 
S995-SU95 


* USUol price 

"GPIB, RS232 interfaces available at no additional charge. 

Fax us for more information at 1-600-600-5281. document *10616. 



Want application information on 
power supply fundamentals? Visit 
our Basic Instruments Web site: 

http://www.hp.com/go/bi 
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Audio-Frequency 
Power-Supply Unit, 
10 kHz. 50 kW 


Temperature 


Controller 
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Axial/Torsional Load Frame, 
Maximum Axial Load 223 kN. 
Maximum Torsional Load 2.26 kN m 


Specimen Temperature Data 


Control 


Axial/Torsional 


Feedback 


Axial and Torsional 
Command Waveforms 


Axial and Torsional 
Load, Strain, and Stroke 
Data 


Temperature- 

Command 

Waveform 



Figure 2. This Thermomechanical-Testing Apparatus was used to test tubular superalloy specimens with the thermomechanical loading conditions 
depicted in Figure 1. 


isothermal conditions, while thermome- 
chanical fatigue testing has commonly 
been limited to axial (only) or torsional 
(only) strain. The present technique for 


axial /torsional thermomechanical fa- 
tigue (AT-TMF) testing makes it possible 
to acquire materials data on effects of 
time-varying thermal and multiaxial me- 


chanical loads similar to those experi- 
enced by tubular components of engines 
during cyclic and/or transient operation. 
The data can be used, along with mathe- 


New Standard 

The Best Just Got Better.™ 



For nearly 40 years, MKS Baratron® capacitance manometers have been the standard in measuring process pressure accurately and 
repeatably. And they keep getting better. The particle resistant 627B has the fastest warm-up, the most stable output, the best on-board 
diagnostics, and, at 20 mTorr, the lowest full scale range available. The 627B sets the new standard by which process manometers are 
measured. Don’t take a risk with an unproven manometer. Trust MKS to keep your process up and running. 


ORION 0 


M A S S - F L 0 


BARATRON* 


HRS” 


INSTRUMENTS 


Around The Process, Around the World. 

(978) 975-2350 

Check out our Baratron Capacitance Manometer Upgrade Program on our web site at www.mksinst.com. 
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matical models of themiomechanical be- 
havior, to predict the deformations and 
fatigue lives of such components. 

In principle, one could choose among 
an infinite number of combinations 
of mechanical-strain and temperature 
waveforms; in practice, one must limit to 
the choice to a representative few. Four 
different combinations of triangular wave- 
forms were chosen for the present AT- 
TMF testing technique. The waveforms in 
these combinations are required to be 
synchronized, variously, with 0°, 90°, 
and/or 180° phase differences. Figure 1 
presents examples of the four combina- 
tions of waveforms. The cycle time and 
the temperature and strain limits in these 
examples are specific to tubular speci- 
mens (22 mm inner diameter, 26 mm 
outer diameter) of a cobalt-based superal- 
loy; other limits and cycle times could be 
chosen to suit different specimens. 

Figure 2 schematically depicts the ap- 
paratus that was used to implement the 
present AT-TMF tesung technique on 
the specimens mentioned above. An 
axial/ torsional load frame was con- 
trolled with two servocontrollers: one 
for the axial and one for the torsional ac- 
tuator. The axial and shear strains were 
measured by a commercially available, 
water-cooled, axial/ torsional exten- 
someter. The specimen was heated by 
use of induction coils connected to a 
controllable audio-frequency power-sup- 
ply unit rated at 50 kW. 


The axial and torsional strains and tem- 
perature were controlled and test data 
w r ere acquired by a computer system 
(equipped with digital-to-analog and ana- 
log-to-digital converters) connected to 
die servocontrollers, a temperature con- 
troller, and temperature sensors. The 
computer generated command wave- 
forms that corresponded to the specified 
axial-strain, torsional-strain, and tempera- 
ture waveforms. For each of 1,000 points 
during a test cycle, the computer acquired 
data on axial and torsional loads, strains, 
and strokes and on temperatures at five 
locations on die specimen. The computer 
operated with a C-language program that 
provided a keyboard interrupdon capabil- 
ity plus a graphical display of axial and 
shear stresses versus time, temperatures, 
and test status. 

This work was done by Sreeramesh Kalluri 
and Christopher S. Buike of NYMA, Inc., 
and Peter J. Bonacuse of the Vehicle Propul- 
sion Directorate of the U. S. Army Research 
Laboratory for Lewis Research Center. 
For further information , access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Physical Sci- 
ences category. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to NASA Lewis Research Center, 
Commercial Technology Office, Attn : Tech 
Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Road , Cleveland, Ohio 44135. 
Refer to IEW-16663. 


@ FT-IR Measurement of Hydraulic Fluids 
in Perchloroethylene 

Very low concentrations can be measured to verify 
cleanliness of hardware. 

John F. Kennedy Space Center, Florida 


An improved solvent-extraction/in- 
frared-analysis technique has been de- 
vised to replace an older technique for 
measuring very small concentrations of 
nonvolatile residues of industrial hy- 
draulic fluids, oils, and greases on 
hardware that is required to be 
cleansed of such residues. The older 
technique involves solvent extraction 
of nonvolatile residues followed by 
gravimetric determination of the quan- 
tity of dissolved residues. 

The older technique entails two major 
disadvantages: The first disadvantage is 
that the solvent is l,l,2-irichloro-l,2,2- 
trifluoroe thane (also know'll by the trade 
name “Freon 113”). This and other chlo- 
rofluorocarbons have been found to 
conuibute to depletion of ozone in the 


upper atmosphere, and therefore the 
law requires that they be phased out of 
production and use. The second major 
disadvantage is that the gravimetric 
method is susceptible to large errors at 
the low concentrations of interest in the 
original application. In terms of areal 
mass density on the hardware, these con- 
centrations are typically a few' milligrams 
per square foot (1 mg/ft 5 = 1 1 mg/m 5 ); 
in terms of volume mass densities in so- 
lution, these concentrations are typically 
a few milligrams per liter. 

The improved solvent-extraction /in- 
frared-analysis technique features (1) 
the use of a less-harmful solvent and of 
(2) Fourier-transform infrared (FT-IR) 
analysis of an infrared spectral peak spe- 
cific to the dissolved residues that one 
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seeks to detect. The solvent in this tech- 
nique is perchloroethylene; in compari- 
son with l,l,2-trichloro-l,2,2-trifluo- 
roethane, perchloroethylene is relatively 
environmentally benign and nontoxic. 
Perchloroethylene is also less volatile; it 
boils at a temperature of 121 °C, 
whereas 1 , 1 ,2-trichloro-l ,2,2-trifluoro- 
ethane boils at 48 °C. 

The spectral peak in question is one 
attributable to ester C=0 groups conju- 
gated with C=C groups or aromatic 
rings in organic molecules. This ester 
peak is suitable because even at rela- 


tively low spectral resolution, it stands 
out from other spectral peaks attribut- 
able to C-H bonds (see upper part of 
figure) and because the residues of in- 
terest contain such ester C=0 groups. 
With higher spectral resolution, the 
ester peak of a typical residue of inter- 
est dissolved in perchloroethylene can 
be seen to be split into two peaks: one 
at wave numbers from -1,753 to -1,724 
cm" 1 and one at wave numbers from 
-1,724 to -1,708 cm* 1 (see lower part of 
figure). The splitting has been conjec- 
tured to be caused by interactions be- 



The Infrared Absorbance Spectrum of a perchloroethylene solution can be analyzed to find a peak 
characteristic of C=0 ester groups in small amounts of greasy and oily residues dissolved in the solution. 
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tween the residue and perchloroethyl- 
ene molecules. 

The technique has been tested in ex- 
periments on solutions of various indus- 
trial hydraulic fluids dissolved in per- 
chloroethylene at known concentrations. 
The solutions were analyzed on an appa- 
ratus that comprised a standard high-in- 
tensity infrared source, a Fourier-trans- 
form infrared (FT-1R) spectrometer 
containing a Michelson interferometer, 
and an HgCdTe photodetector cooled by 
liquid nitrogen. The output of the spec- 
trometer was digitized and processed by a 
spectral-analysis computer program. The 


results of the experiments were inter- 
preted as signifying that the ester spectral 
peaks can indicate the presence of the 
residues of interest at the low concentra- 
tions of interest, and that at areal concen- 
trations as low as ~1 to -5 mg/ft* (~1 1 to 
~54 mg/m*), the areas under the two 
ester spectral peaks are indicative of the 
concentrations within a factor of 2. 

This work was done by Narinder K. Mehta 
of the University of Puerto Rico for Kennedy 
Space Center. For further information, access 
the Technical Support Package (ISP) free on- 
line at imwunasatech.com under the Physical 
Sciences category. KSC-11945 


® Pressurization and Leak Testing of 
Sample-Return Canisters 

Sealed canisters would be pressurized with a radioactive gas. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 


A technique that involves pressuriza- 
tion with a radioactive gas has been 
proposed to solve two problems associ- 
ated with canisters used to transport 
samples from remote bodies (planets, 
moons, asteroids, or comets) back to 
Earth. The canisters must be sealed at 
the sampling locations. The problems 
are how to test the canisters for leakage 
during transit and how to prevent 
buckling of the containers from the 
onset of atmospheric pressure upon re- 
turn to Earth. The solution to these 
problems could also be adapted to use 
on Earth to ensure the integrity of can- 
isters used to store material specimens 
for long times and to prevent the col- 
lapse of sealed canisters that must be 
brought to or stored at pressures 
higher than those at which the samples 
are sealed inside. 


According to the proposal, a small 
container of radioactive krypton (mixed 
with another suitable pure gas or mix- 
ture of gases) would be placed in each 
sample canister. The container of gas 
would be equipped with means to release 
tiie gas into the interior of the canister 
soon after the canister is hermetically 
sealed with the sample inside. A Geiger 
counter or other radioactivity sensor 
near the canister would provide an indi- 
cation of the leakage (if any) of radioac- 
tive gas from the canister. The amount of 
gas provided must be large enough so 
that the pressure in the canister is suffi- 
cient to resist buckling of the canister 
under ambient atmospheric pressure. 

This work was done by Joseph C. Lewis of 
Caltech for NASA’s Jet Propulsion Labo- 
ratory. No further documentation is avail- 
able. NPO-20446 


® Passive Optical Measurement of Velocity 
in a Luminous Flow 


Neither seeding nor illumination of the flow is necessary. 

Lewis Research Center, Cleveland , Ohio 


A segmented-image emission ve- 
locimeter (SIEVE) is an optical instru- 
ment for measuring the velocity of a lu- 
minous turbulent flow. More specifically, 
it measures a component of flow velocity 
perpendicular to its line of sight. This in- 
strument is not only nonintrusive but 
is also passive in the sense that unlike 
other flow-measuring optical instru- 
ments, it does not seed the flow and 


does not illuminate the flow to obtain 
scattering of light from seed particles in 
the flow; instead, it utilizes broad-band 
light emitted by the flow. Flows amen- 
able to SIEVE velocity measurement in- 
clude flames and rocket exhaust plumes. 

The operation of a SIEVE is based 
on a plasma-diagnostic technique devel- 
oped in the 1970s. By use of a telescope 
and beam splitters, identical images of a 
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small region in a luminous flow field are 
formed on two binary transmission grat- 
ings (see figure). The transparent and 
opaque strips in each grating are of 
equal width and oriented perpendicu- 
larly to the velocity component of inter- 
est. The strips in the two gratings are 
positioned 180° out of phase with each 
other along the velocity component; 
that is, each transparent strip of one 
grating coincides, in the image, with an 
opaque strip of the other grating. Light 
that strikes the transparent strips of each 
grating is focused onto an avalanche 
photodiode behind the grating. 

Small inhomogeneities in the luminos- 
ity of the flow (typically associated with 
turbulence and/or with glowing soot par- 
ticles) give rise to corresponding inhomo- 
geneities in die patterns of light moving 
across the gratings. As a result, the output 
of each photodetector fluctuates. The 
outputs of the two photodiodes are am- 
plified, then summed and differenced. 
Because of the complementarity of the 
gratings, the phase of the difference sig- 
nal contains information on the motion 
of the light pattern across the gratings. 
Differencing also provides a high degree 
of common-mode rejection, making it 
possible to resolve small fluctuations in 
light emitted by the flow. 

The sum and difference signals are dig- 
itized, then fast Fourier transformed to 
obtain a frequency (f) characteristic of 
the passage of the inhomogeneities across 
the gratings. Then the velocity compo- 
nent (v) of interest is calculated from v - 
fD/M, where D is the spatial period of a 
grating and M is the magnification of the 
image projected onto a grating. 

The response and noise characteristics 
of a prototype SIEVE were measured in 
tests in which an inhomogeneous lumi- 
nous flow' field of known velocity w'as sim- 
ulated by use of a back-lighted transpar- 
ent rotating wheel with a pitted surface. 
The prototype SIEVE was then used to 
measure velocities in flames from an oxy- 
acetylene torch. The results of the mea- 
surements appeared to confirm that 
SIEVEs could be used to determine local 
velocities in turbulent, luminous flows. 
Further tests are expected to clarify the 
limitations and capabilities of SIEVEs. 

This work was done by S. J. Schneider 
of Lewis Research Center and S. F. Ful- 
ghum and P. S. Rostler of Science Research Lab- 
oratory , Inc. For further information , access the 
Technical Support Package (TSP) free on-line 
at wwmnasatedi.com under the Physical Sci- 
ences category. 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed to 
NASA Lewis Research Center, Commercial 
Technology Office, Attn: Tech Brief Patent Sta- 
tus, Mail Stop 7-3, 21000 Brookpark Road, 
Cleveland , Ohio 44135. Refer to LEW-16637. 



A Quasi-periodic Signal Is Generated from the difference between the outputs of the photodetec- 
tors behind the gratings. A fast Fourier transform of this signal yields a spectral peak, the frequency 
of which is proportional to the velocity component to be measured. 
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Special Coverage: Test & Measurement 


Keithley Instruments, 
Cleveland, OH, has 
introduced the Mod- 
el 6514 electrome- 
ter for use where 
high throughput and 
femptoamp resolu- 
tion are required. 
Applications include 
measurement of light 
detector current, leakage on low-value capacitors, and high-resis- 
tance materials. Measurements can be made at speeds up to 1200 
readings per second. IEEE-488 and RS-232 interfaces are included 
for remote PC control. 

The instrument combines line cycle integration and a 60 dB nor- 
mal mode rejection ratio to minimize noise errors. It can resolve a 10 
femptoamp measurement out of a 2 nanoamp signal with 15 ms set- 
tling time. Other features include a current source for ohms mea- 
surements and active cancellation of voltage and current offsets. 


DAQ Director"’ testing 
software from Kinetic- 
Systems Corp., Lockport, 
IL. allows users to con- 
figure, calibrate, control, 
and run a VXI-based test 
without prior program- 
ming knowledge. The 
program includes a con- 
figuration database and 
can be used with fiber- 
optic VXI interconnect 
for local and remote testing. Operating under Window's NT, the soft- 
ware can manage and accelerate VXI-based tests. 

Question-and-answer menus are used to configure and calibrate the 
VXI hardware to be used; an unlimited number of configuration 
databases can be created. When acquiring data, users can view infor- 
mation in real time and record the data in continuous or transient 
mode. The software can be used to export test data to popular soft- 
ware packages such as LabVIEW*. MATLAB*, and SIMULINK*. 
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Hewlett-Packard, Palo Alto, 
GA offers the HP E8751A and 
HP E8754A VXI-based test 
systems. The 8751 A founda- 
tion system provides essential 
components needed for most 
functional-test applications; 
the 8754A high-power founda- 
tion system enables test-system 
developers to build complex 
functional-test systems. 

The 8751A includes the HP 
E8401A VXI mainframe, HP E1406A command module, HP 82350A 
PCI IEEE-488 card, HP VEE 5.0 visual programming language, and 
factory-installation of most HP VXI modules. The 8754A also 
includes a high-power VXI mainframe, PCI IEEE-488 interface card, 
and visual programming language. Applications include I/O soft- 
ware installation, VXI and IEEE-488 instrumentation integration, 
and instrument communication and fixturing. 


TestStand customizable 
lest management soft- 
ware from National In- 
struments, Austin, TX, 
organizes, controls, and 
runs automated pro- 
duction test systems. 
The software provides 
advanced test sequenc- 
ing, looping, branch- 
ing, conditional execu- 
tion, and control. 
Other features include a multithreaded test sequence execution 
engine and customizable components such as operator interface, 
reporting options, and lest data storage. 

The software is compatible with test development languages such as 
LabVIEW"*, LabWindows’VCVI, C/C++, and Visual Basic. It provides 
connectivity for database logging and distributed test data viewing. 
The software can automatically generate local report files in ASCII or 
HTML formats for each unit under test. 
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Tektronix, Beaver- 
ton, OR, offers the 
U3661 portable 

spectrum analyzer, 

a 26.5-GHz instru- 
ment for field in- 
stallation applica- 
tions. The unit 
weighs 24 pounds 
with batteries and 
spans the frequen- 
cy range of 9 kHz 
to 26.5 GHz in its standard configuration. The range encompasses 
PCS. cellular, and television baseband frequencies, as well as 
microwave frequencies. 

The unit has a second-order harmonic distortion level of -100 
dB or less. It operates for up to 1-1/2 hours on a fully charged 
battery. The battery pack is installed integrally with the instrument 
mainframe. 


The Orion non- 
contact vibration 
measurement sys- 
tem from Nicolet 
Technologies, 
Madison, Wl, of- 
fers a frequency- 
range from 5 Hz 
to 80 kHz. .An opti- 
cal implementa- 
tion enables the 
system to measure vibration at distances up to seven meters. The 
instrument can be mounted on a variety of surfaces. It mounts on any 
standard tripod or laser stand. A standard ±10V analog output 
enables the system to be used with any standard FFT analyzer or data 
acquisition system. 

Applications include rotational vibration such as turbines or w'heels 
where traditional sensor cabling is impractical; small or delicate struc- 
tures such as tissue membranes; relative vibration measurements in 
moving structures; and repetitive vibration measurements. 
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O Electronic Components 
and Circuits 


© Digital Approximation Premodulation Filter 

This filter closely approximates the desired wave shape, regardless of the bit rate. 

Dry den Flight Research Center, Edwards, California 



Figure 1. The Digital Approximation Waveform is a slightly degraded version of the output of an analog 
premodulation filter. 



A digital solution for the 
problem of filtering serial digi- 
tal data prior to modulation of 
a telemetry transmitter has 
been developed by engineers 
at the Dryden Flight Research 
Center. The solution is de- 
scribed in a patent application 
entitled “DIGITAL APPROXI- 
MATION PREMODULATION 
FILTER FOR PULSE-CODE- 
MODULATED SIGNALS.” 

When transmission of serial 
digital data for telemetry is re- 
quired, care must be taken 
when modulating the transmit- 
ter to avoid any spurious radi- 
ated signals outside the as- 
signed radio frequency band. 

A premodulation filter is used 
to eliminate undesired har- 
monics, thereby limiting the 
frequency bandwidth of the se- 
rial digital signal. 

The use of a digital approxi- 
mation (as distinguished from 
an analog) premodulation fil- 
ter entails some degradation of 
the infinite output resolution 
of a traditional analog filter 
(see Figure 1), but this degra- 
dation should be tolerated in 
the interest of keeping out-of- 
band radiation below the max- 
imum allowed by regulations. 

The digital approximation 
premodulation (DAP) filter 
concept was tested in transmis- 
sion of a pulse-code-modula- 
tion (PCM) system non-re turn- 
to-zero-level output via an L-band trans- 
mitter. Normally, 16 segments per bit are 
used, but in this test, the radiated fre- 
quency spectrum obtained when using 
the DAP filter with only 8 segments was 
essentially identical with that obtained 
when using an analog filter. 

The DAP filter (Figure 2) comprises 
three main parts: (1) a part that divides 
each bit into a number of segments, 
(2) a part that converts each segment 
into a voltage that approximates the 
output of an ideal premodulation fil- 
ter, and (3) an output buffer amplifier. 


An integer frequency multiple of the 
bit-rate clock signal is used to shift the 
serial digital output through a parallel 
output shift register to segment each 
bit. The conversion to a voltage level 
can be accomplished by a resistor array 
and summing amplifier to approximate 
the rise or fall of a half cosine wave for 
each bit transition. If the integer fre- 
quency multiple of the bit-rate clock 
signal is not available from the signal 
source, it can be generated from the 
source bit-rate clock signal by use of a 
phase-lock loop. 


Because the DAP filter is synchronized 
with the bit-rate clock as described 
above, it always produces the proper 
wave shape, regardless of the bit rate of 
the unfiltered data signal. 

This work was done by Harry Chiles and Rod 
Bogue of Dryden Flight Research Center. 

This invention is owned by NASA , and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be ad- 
dressed to the Technical Information Special- 
ist, Dryden Flight Research Center, (805)258- 
3720. Refer to DRC-95-28. 
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As o reliable developer, manufacturer, and supplier of 
advanced silicone materials, NuSil Technology provides 
what other silicone companies might lack: personal 
service. When you choose NuSil, you get more than 
just a product. We offer unparalleled quality, coupled 
with global technical support, ond can handle all 
of your silicone needs on o personal basis. L * 
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0 Prolonging the Lives of Rechargeable Lithium-Ion Cells 

Proposed modifications would prevent dissolution of metal current collectors. 

NASA s Jet Propulsion Laboratory, Pasadena, California 


Several modifications of the design and 
operation of lithium-ion rechargeable 
electrochemical cells have been proposed 
to prolong the cycle lives of die cells. As 
explained below, overdischarge can result 
in dissolution of a metal current collector 
in the anode of a cell, with consequent in- 
ternal short-circuiting of the cell and thus 
loss of cycle life. The proposed modifica- 
tions are intended to prevent dissolution 
of the metal current collector and thereby 
extend the cycle life. 

In a typical cell of the type in question, 
the active cathode material is a lithiated 
oxide (e.g., Li x Co0 2 ) and the active an- 
ode material is carbon. These active ma- 
terials are coated on different substrates 
or current collectors to make electrodes, 
and separator paper is used to prevent 
contact between the two electrodes. The 
current-collector materials must be cho- 
sen for compatibility with the cell chem- 
istry; for example, the anode current col- 
lector can be made of copper or nickel. 

A freshly fabricated cell is fully 
discharged: All the lithium is stored in 
the lithiated oxide cathode material; 
there is no lithium in the carbon anode 
material. An initial charging process is 
necessary to activate the cell. During the 
charging process, lithium becomes dein- 
tercalated from the Li x Co0 2 cathode ma- 
terial and intercalated into the carbon 
anode material; the reverse happens 
when the cell is discharged. 

In this context, overdischarge of a pre- 
viously charged cell can be defined as con- 
tinuation of discharge after all the re- 
versible lithium has been completely de- 
pleted from the carbon anode material. 
Initial charging of a freshly fabricated cell 
in reverse polarity is equivalent to overdis- 
charging a previously discharged cell. The 


figure shows the relative potentials (vs. Li) 
for relevant materials in a lithium-ion cell 
with a copper current collector in the an- 
ode. During overdischarge or reversal of 
polarity; the potential of the graphite an- 
ode rises above the potential of the cop- 
per current collector, causing the forma- 
tion of a spurious cell between Li x Co0 2 
and copper. The copper then begins to 
dissolve, causing a short circuit. 

The following are the proposed modi- 
fications for preventing dissolution of 
the anode current collector: 

1. Raise the cell potential below which 
discharge is cut off (“discharge cut- 
off voltage,” for short). For example, 
in a graphite/Li x Co0 2 Li-ion cell 
with a cathode/anode weight ratio of 
3, the cycling voltage range is be- 
tween 4.1 V (charge cutoff) and 3.0 V 
(discharge cutoff). If the discharge 
cutoff voltage were raised to 3.5 V, 
the consequent loss of capacity would 
be only 10 mA-h, while the cycle life 
would be extended. 

2. Configure both internal and external 
electrical connectors to prevent rever- 
sal of polarity in a freshly fabricated 
cell, and verify correct polarity of con- 
nections to test equipment before con- 
ducting a test. 

3. Use cathode additive (s) for protection 
against overdischarge, as described in 
“Preventing Overcharge and Overdis- 
charge of Lithium Cells” (NPO- 
18343), NASA Tech Briefs , Vol. 19, No. 3 
(March 1995), page 36. Low-potential 
cathode additives could help to re- 
verse the potential of the spurious cell 
so that the copper current collector 
would not dissolve. 

4. Make the anode current collector out 
of carbon instead of copper. This 



The Potentials (Relative to Lithium) of cath- 
ode, anode, and current-collector materials 
affect the charge, discharge, and overdis- 
charge behavior of a lithium-ion cell. 

could be done, for example, by coat- 
ing a carbon-based material onto an 
electrically conductive polymer or on- 
to a sheet of separator paper to make 
an anode. 

This work was done by Chen-Kuo Huang 
of Caltech for NASA’s Jet Propulsion Lab- 
oratory. For further information , access the 
Technical Support Package ( TSP ) free online 
at www.nasatech.com under the Electronic 
Components and Circuits category. 

In accordance with Public Law 96-517, the 
contractor has elected to retain title to this in- 
vention. Inquiries concerning rights for its 
commercial use should be addressed to 
Technology Reporting Office 

JPL 

Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-19897, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


® Three-Level Buck dc-to-dc Converter for Low Temperature 

This circuit is fully functional at temperatures from room down to liquid-nitrogen temperature. 

Lewis Research Center, Cleveland, Ohio 


A dc-to-dc switching power converter of 
the three-level, pulse-width-modulated, 
buck type has been designed, built, and 
verified to operate at temperatures from 
ambient down to -196 °C (the tempera- 
ture of liquid nitrogen). Circuits like this 
one could be useful for supplying electric 
power to low-temperature circuits in such 
diverse applications as cryogenic instru- 


ments, superconductive magnetic energy- 
storage systems, magnetic-resonance 
imaging systems, high-speed computer 
and communication systems, and high- 
power motor and generator systems. 

The design of a multilevel switching dc- 
to-dc power converter exploits series con- 
nection of power semiconductor switches. 
The sharing of voltage among the series- 


connected switches, especially during 
turn-on and turn-off transients, is a major 
design issue. The duty' factor (switch “on” 
time to duration of switching cycle) can 
be chosen to obtain a desired input-to- 
output voltage ratio. Also, different 
switches can be turned on and off at dif- 
ferent times (equivalently, the switches 
can be operated at different phase shifts 
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relative to each other and to the overall 
switching cycle) to minimize the genera- 
tion of harmonics in the filtered output of 
the converter. 

A three-level converter of the present 
type (see figure) is a special case of a mul- 
tilevel switching buck dc-to-dc power con- 
verter. In comparison with a standard two- 
level converter, the three-level converter 
contains one more switch, one more 
diode, and one more capacitor. An n-level 
converter (where n > 2) offers an advan- 
tage over a standard two-level converter; 
namely, that the voltage ratings applied to 
the semiconductor devices in the n-level 
converter are decreased to l/(n - 1) of 
those of the two-level converter; the re- 
duction in voltage stresses on semicon- 
ductor switches and diodes effects a re- 
duction in switching and conduction loss- 
es, and enables the use of semiconductor 
components with correspondingly lower 
voltage ratings. 

The present three-level converter was 
designed and constructed using stan- 
dard, commercially available compo- 
nents, including power metal oxide/ 
semiconductor field-effect transistors 
(MOSFETs), ultrafast semiconductor 
power rectifiers, complementary metal 
oxide/semiconductor integrated cir- 
cuits for pulse-width modulation and 
con trol , metall ized-polypropylene-film 
energy-transfer and output capacitors, 
and an inductor with a core made of a 
high-permeability powder. The require- 
ment for low-temperature operation was 
taken into account in the selection of all 
components. The design specifications 
include an input potential of 48±10 V; 
an output potential of 12 V; an output 
voltage ripple of 120 mV (1 percent of 
rated output voltage); minimum and 
maximum load currents of 1 and 5 A, re- 
spectively; maximum output power of 60 
W, and a switching frequency of 50 kHz. 

The converter was tested in operation 
at temperatures from 25 down to -195 °C. 
At room temperature, the converter oper- 
ated with an efficiency of 89.12 percent 
At -195 °C, the measured efficiency was s- 
lightly lower; namely, 87.27 percent Even 
at -195 °C, the converter was found to be 
fully functional. 

This work was done by Richard L. Patterson 
of Lewis Research Center and Fausto F 
Perez-Guerrero and Biswajit Ray of the Univer- 
sity of Puerto Rico . For further information , ac- 
cess the Technical Support Package (TSP) free 
on-line at wwwnasatech.com under the Elec- 
tronic Components and Circuits category. 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed to 
NASA Lewis Research Center, Commercial 
Technology Office, Attn: Tech Brief Patent Sta- 
tus, Mail Stop 7-3, 21000 Brookpark Road, 
Cleveland, Ohio 44135. Refer to LEW-16675. 
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A Three-Level, Pulse-Width-Modulated. Buck-Type dc-to-dc Converter offers an advantage over a 
two-level converter of the same type; namely, that the voltage stresses on the semiconductor com- 
ponents are lower. 
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9 Partitioned Frequency-Division Multiplex for 
Bandwidth Compression 

Spectrum would be utilized more efficiendy than in CDMA and FOMA. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Frequency-hopped and partitioned 
frequency-division multiplex (FH/ 
PFDM) is a proposed modulation tech- 
nique for transmission of digital sig- 
nals. In FH/PFDM, a serial stream of 
data (possibly generated by multiple 
users) coming into a transmitter would 
be distributed into frequency-hopped, 
frequency-partitioned subchannels, 
in such a way as to reduce (in compari- 
son with other modulation techniques) 
the overall carrier deviation and side- 
lobe excursion. 

Figure 1 presents block diagrams of 
the bandwidth-compression and -de- 
compression portions of an FH/PFDM 


transmitter and receiver, respectively. 
In the transmitter, the incoming data 
stream to be transmitted would First be 
converted from serial to parallel for- 
mat and grouped into data blocks of n 
slots, each slot corresponding to one of 
n subcarrier frequencies generated by 
a digital frequency synthesizer. Next, a 
serial transfer switch would transfer the 
data bits into a buffer. Under sequen- 
tial strobing by clock pulses, data bits 
would be strobed from the buffer into 
modulo-2 adders, the outputs of which 
would be modulated onto the subcarri- 
ers by phase-shift keying (PSK). The 
data bits would be interleaved in the 


sense that each successive data bit 
would be phase-modulated onto one of 
the subcarriers in a sequence of in- 
creasing subcarrier frequencies. 

Meanwhile, under synchronization 
by clock pulses from a sequence gener- 
ator, the frequencies of the n subcarri- 
ers would periodically be made to hop; 
during each clock cycle of the se- 
quence generator, each subcarrier 
would hop through a total of m differ- 
ent frequencies (see Figure 2). The 
purpose of the hopping is to achieve 
spectral isolation between subchannels 
and thereby reduce self-interference. 
Finally, the PSK subcarriers would be 


Serial Data 
Stream 

► 


Clock Signal Clock Signal 



BANDWIDTH-COMPRESSION SUBSYSTEM IN TRANSMITTER 



BANDWIDTH-DECOMPRESSION SUBSYSTEM IN RECEIVER 


Figure 1. The FH/PFDM Portions of a Transmitter and Receiver would increase the efficiency of utilization of the radio spectrum for transmitting a data 
stream of a given rate. 
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Figure 2. This Table Lists Subcarrier Frequencies for an example of an array of n = 10 subcarriers and m = 10 hops. Each 
cell (i,j) in the table gives the frequency of the ith subcarrier during the jth interval between frequency hops. 


combined in a summing amplifier, 
which, in turn, would be used to mod- 
ulate a carrier signal by frequency-shift 
keying (FSK). 

In the receiver, a digital frequency 
synthesizer driven by a sequence gen- 
erator would produce the same array of 


n frequencies and sequence of m fre- 
quency hops as that of the transmitter. 
This array of hopped frequencies 
would serve as a local-oscillator signal 
for use in asynchronously demodulat- 
ing the received modulated subcarri- 
ers. The local-oscillator signal would be 


multiplied by the in- 
coming intermediate-fre- 
quency (IF) signal in a 
mixer. An error signal de- 
rived from the mixer out- 
put would be used to con- 
trol the sequence-genera- 
tor clock frequency. The 
mixer output would also 
be band-pass filtered to re- 
move unwanted mixer 
products, then passed on 
to a demodulator. 

Theoretical calculations 
have shown that FH/PFDM 
would make it possible to 
utilize the available spec- 
trum more efficiendy than 
is possible in the estab- 
lished techniques of code- 
division multiple access 
(CDMA) and frequency- 
division multiple access 
(FDMA). In other words, 
for a given equivalent 
communication-link power, 
and performance, FH/PFDM would ac- 
commodate a greater number of users 
or a greater overall data rate in a given 
bandwidth or, equivalendy, require less 
bandwidth for a given overall data rate 
or number of users. The cost of this 
spectrum compression would be an in- 
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crease in the complexity of transmitters 
and receivers. One potential additional 
advantage FH/PFDM is that by inter- 
leaving the data and ordering the fre- 
quency hops in pseudorandom se- 
quences, one could help to prevent 
unauthorized interception of data. The 
most practical route to realization of 
the potential of FH/PFDM would likely 
be to develop application-specific inte- 


A proposed charge-coupled-device 
(CCD) camera would be mechanically 
shuttered by a planar array of microma- 
chined, electromechanically actuated 
shutters. This proposal has arisen as part 
of the solution to the problem of de- 
signing a visible/near-infrared imaging 
spectrometer using a commercial off-the 
shelf CCD as the image sensor at the fo- 
cal plane. The need for mechanical 
shuttering arises because the desired ex- 
posure time clashes with the readout 
times of available CCDs. In particular, 
what is needed is an exposure time 
shorter than the readout time. By use of 
the array of micromachined mirrors, the 
image could be deflected off the focal 
plane during the readout cycle to pre- 
vent contamination of the captured im- 
age with light after the desired charge- 
integration (exposure) time. 

According to the proposal, an object 
would be imaged on the focal plane via 
a folding mirror. In this case, the folding 
mirror would be the array of microma- 
chined mirrors. Such arrays have been 
fabricated before for other purposes 
and are examples of what are now de- 
noted generically as microelectro- 
mechanical systems (MEMS). 

The elements of the array would be of 
the order of 10 by 10 pm. The mirrors 
would be operated in a binary* mode, in 
which they* would be switched between ex- 
treme angular positions 10° apart at mega- 
hertz rates. In the normal or unactuated 
state (mirrors at one of the extreme angu- 
lar positions), the mirrors would reflect 
the image light onto the focal plane. In 
the fully actuated state (mirrors at the 
other extreme angular position), the mir- 
rors would deflect the image light away 
from the focal plane and onto a beam 
dump, which would absorb the light The 
exposure time could be set by setting the 
duty cycle of the two mirror states. 


grated circuits to implement the 
FH/PFDM transmitting and receiving 
functions. 

This work was done by Charles Ruggier 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, ac- 
cess the Technical Support Package (TSP) 
free on-line at wunv.nasatech.com under 
the Electronic Systems category. 

NPO-20364 


Unlike traditional iris- and leaf-type 
mechanical shutters, the proposed 
MEMS-type shutter would be capable of 
closing off the entire image at once, and 
would operate without appreciable jitter. 
Even at submillisecond exposure times, 
the proposed shutter would not pose 
any timing or jitter problems. 

The proposed shutter could be used 
with any image sensor, including a 100- 
percent-fill-factor sensor, which is typi- 
cally a high-end progressive-scan CCD. 
Heretofore, fast cameras have typically 
contained interline-transfer image sen- 
sors, which are less sensitive to red and 
infrared than standard CCDs. Thus, the 
user can obtain the advantage of the in- 
creased signal and increased red and in- 
frared response of a 100-percent-fill-fac- 
tor, progressive-scan focal-plane device, 
relative to an interline-transfer device. 

The proposed shutter could also be 
utilized in time-resolved spectroscopy. 
This would involve (1) imaging a spec- 
trum onto the array of mirrors, with the 
spectrometer slit oriented along the 
columns of mirrors and the spectrum 
along the rows of mirrors and (2) re- 
imaging the spectrum from the mirror 
plane onto the CCD array. The spectro- 
scopic cycle w'ould start with all mirrors 
in the “off” position, so there would be 
no image on the CCD. Then the mirrors 
would be switched momentarily to the 
“on" position, a few rows at a time, in 
succession across the array, yielding a 
succession of time-resolved spectra on 
the CCD. 

This work was done by Gregory Bearman, 
Robert Green, Michael Eastwood , and 
Thomas Chrien of Caltech for NASA’s Jet 
Propulsion Laboratory. For further infor- 
mation, access the Technical Support Package 
(TSP) free on-line at unvw.nasatech.com un- 
der the Electronic Systems category. 
NPO-20396 


OOTurbo 

Rugged enough to 
survive rocket launches!? 

You bet! 

Rotating on an axle, dropping 
1 5,000 feet out of an airplane, 
vibrating on a shaker table,or 
launching in the solid rocket 
boosters of the space shuttle, ' 
the SoMat 21 00 Turbo is built 
to survive the harshest field 
conditions in the world. 

Key Features — 

■ Compact size: .6 pounds per module 

■ Vibration: swept sine tested, 1 0-2,000 
Hz up to 60 Gs loading on each axis 
during a test 

■ Sample rates ranging from .005 to 6,000 

■ Serial data transfer rate of 1 1 5,200 baud 

■ Runs nearly ^.times faster than the 

original 21 00; the clock speed has 
increased to 33 mHz • 

■ Operating range of -20°C'fl) y0°C 

■ Low power consumption for reliable, 
long-term operation 

■ Fully customizable; you build a Turbo 
"stack' that best suits your needs 

■ Real-time display with fast response time 

■ Windows test control software 

■ Plus, much more! 


Test without limits. 
Try 2100 Turbo today i 

Call 1-800-960-3273 or visit 
www.somat.com to find out 
more and register to win a 
free personal organizer. 



Introducing 

explore.somat.com! 

Visit the web's gateway for test 
engineers. You'll find news, shopping, 
events, games, and much more! 



SoMat Corporation, 21 7 328-5359; Fax: 217 328-6576; 
Email: info^somatxom; Web. www.somat.com 

SoMat Systems (UK) Ltd. +44(0)1582-730582; 

Fax: +44(0)1582-730382; Email: info- uk^somat. com 

Gfinfllt' W99 VoMx Carper*** M nqfe nnt SoM* n » eptaHtudm** 
affeMji (tapotxna AJ cd n r u rin *r property of ibe« rrsper m* o»um 


5 Snapshot CCD Camera With 
Microelectromechanical Shutter 

Microscopic actuated mirrors would divert light from the CCD 
at selected times. 

NASA 5 Jet Propulsion Laboratory, Pasadena, California 
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Software for Developing 
Autopilots for Launch 
Rockets 

Three integrated software products 
are being developed for use in the fur- 
ther development of autopilot systems 
for reusable launch vehicles (RLVs). 
The need for these products arises be- 
cause of the unique nature of RLVs: 

• RLVs employ differential throttling 
as the primary means of longitudinal 
control during ascent. This approach 
to flight control necessitates autopilot 
systems because the way in which en- 
gine thrust signals control the rockets 
is counterintuitive to astronauts. 

• Convenuonal controllers are not ade- 
quate for the multiple-input/multiple- 
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output autopilot systems that are 
needed for RLVs (e.g., the Ven- 
tureStar) that are equipped with linear 
aerospike engines and small conven- 
tional aerodynamic controls. The 
small conventional aerodynamic con- 
trols and the propulsion inefficiency 
that results from differential throt- 
tling necessitate the development of 
robust reconfigurable autopilot sys- 
tems, as do the all-consuming goal of 
minimizing RLV weight and the need 
for interchangeable, swappable, and 
cooperative actuators that can alle- 
viate attitude-control concerns in the 
event of single or multiple actuator 
failures. 

One of the three developmental soft- 
ware products is intended for use in 
designing and simulating autonomous, 
robust, reconfigurable flight-control sys- 
tems of both civil and military RLVs. 
This is a user-friendly software package 
that will greatly aid NASA, other gov- 
ernment agencies, and industrial orga- 
nizations working on linear aerospike 
space transportation systems and RLVs. 
It enables the designer to develop 
systems based on several control 
approaches, including hierarchical 
robust reconfigurable control and ro- 
bust identification-based adaptive re- 
configurable control. Genetic algo- 
rithms serve as the optimization tools in 
this package. 

The second software product is one 
that provides an advanced software envi- 
ronment of testing and evaluation of the 
designs and software of autopilot sys- 
tems. This product will determine the 
efficacy of these systems by evaluating 
the ease with which the systems 
can be reconfigured in the event of 
the multiple failure scenarios described 
below. 

The third and final product is a real- 
time software prototype of an advanced 
robust reconfigurable autopilot system 
for an RLV. It is an on-line, real-time 
control software environment that pro- 
vides control researchers and engi- 
neers with a convenient tool for the 
investigation and application of ad- 
vanced control methods and real-time 
control in an RLV system. 

The advantages of these three inte- 
grated software products and of autopi- 


lot systems designed by use of them are 
the following: 

• These products will minimize the en- 
gineering design labor as well as the 
weight, cost, labor, and maintenance 
associated with the physical RLV. 

• Autopilot designers will be able to de- 
sign, simulate, evaluate, implement 
(in real time), and test their control 
system designs within the complete 
three-product package. 

• A robust, reconfigurable autopilot 
eliminates the need for a human 
pilot, thus eliminating the possibility 
of loss of life as the result of a cata- 
strophic failure or human error. 

• The use of software products like 
these reduces the probability of los- 
ing an RLV and/or its payload in the 
event of a mission-threatening fail- 
ure. A robust, reconfigurable autopi- 
lot system would minimize the need 
to abort the mission in the event of a 
single or multiple actuator failure by 
reconfiguring the RLV control system 
as necessary to approach nominal ve- 
hicle attitude control. 

• In designing a robust, reconfigurable 
attitude-control system, the control 
actuators can be allowed to remain 
small, minimizing the vehicle weight 
and avoiding actuator-related over- 
heating during reentry and descent. 

• To minimize weight, a typical RLV de- 
sign calls for fuel for both the main 
engines and the reaction control sys- 
tem to be depleted before descent. 
Thus, the need for reconfigurability 
of aerodynamic control surfaces be- 
comes even more compelling during 
descent and landing in the event of a 
single or multiple aerodynamic actua- 
tor failure. 

This work has been and will be under- 
taken by the American GNC Corporation, 
9131 Mason Avenue, Chatsworth , CA 
91311, an SBA 8(a) certified Small Disad- 
vantaged Business concern, as part of a 
NASA Small Business Technology Transfer 
(STTR) project monitored by Marshall 
Space Flight Center. The NASA STTR 
Contract Number is NAS8-97292; Topic: 5; 
Topic Title: Advanced Space Transporta- 
tion. For further information, contact 
Dr. Ching-Fang Lin, (818) 407-0092 or 
e-mail: cflin@americangnc.com. 
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Engineer Uses Fluid Flow Simulation 
to Design More Powerful Sweeping Machine 


& °'ofe 9 


Finite element analysis enables engineers to simulate the 
flow of a fluid, for instance air or water, around obstacles 
such as an airfoil or through hollow areas like the inside of 
a pipe. Often, engineers use this analysis type to study ways 
of reducing resistance to flow, thereby enhancing efficiency. 

Schwarze Industries, Inc. of Huntsville, Alabama 
manufactures street and parking lot sweeping machines that 
are used by municipalities and their contractors. Leon Drake 
at Schwarze Industries uses Algor's Fluid Flow software to 
optimize the design of their sweeping machine air flow 
systems that pick up debris and deposit it into debris 
containers for later removal. 

Recently, Mr. Drake used Algor to optimize the air 
flow of Schwarze's A4000 sweeper. Two important air 
flows were examined: the sweeping head air flow that moves 

These vector plots reveal the 
velocity and direction of the 
flow in a cross section of the 
sweeping machine head. The 
analysis results of the original 
design reveal low velocities at 
the pavement surface. 

-j VM,lb| 

Mr. Drake added a 
rubber sheet to reduce 
the area, resulting in 
higher velocity air close 
to the ground and greater 
cleaning efficiency. This 
final analysis clearly 
shows the advantages of 
the new design. 

debris toward a suction inlet and the air flow in the separator, 
where dust is removed from re-circulating air. 

By studying the re-circulation vortices and velocity profiles 
in the sweeping head, Mr. 

Drake determined that the 
addition of a rubber sheet 
would increase the velocity 
of the air moving along the 
ground, thus increasing the 
amount of debris picked up. 

Once inside, debris must 
be separated from the re- 
circulating air flow. Mr. Drake 
also used Algor's Fluid Flow 






Handles 2 - and 3-D steady-state and unsteady fluid flow. 
Works with Reynolds numbers beyond 1.000.000. 
Simulates both laminar and turbulent flow. 

Works on standard FEA models (highly structured grids 
not required). 

Models can be automatically meshed using standard 
FEA meshing or CAD interfacing techniques. 
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As indicated in 
this view (left) 
of the 
separation 
chamber model 
from Superdraw 
I IT air is drawn 
into the 

separator at the top , over a formed plate. In order for the air to 
enter the cone-shaped inlet of the fan , it must make two rather 
abrupt bends. The analysis (right) showed the naturally 
occurring location of these bends. Mr. Drake determined that 
more dust would be separated from the air stream if solid metal 
plates were added to the inside of the chamber. 

software to optimize the air flow in a chamber used to 
separate light dust from the air stream. Light dust tends to re- 
circulate back into the fan, causing wear, rather than settling 
into the debris container. The airflow must make two abrupt 
bends to enter the inlet of the fan. Mr. Drake conducted the 
analysis to discover the naturally occurring location of these 
bends. At the bend, high shear forces will cause dust to pass 
to the outside, thus separating it from the air stream. 

Based on the fluid flow analysis, Mr. Drake 
determined that adding solid metal plates to 
the inside of the chamber would create 
"dead spaces," where light material would 
slow down and drop into the lower debris 
container. Schwarze incorporated the new 
design for the separator chamber into their 
new A4000 sweeper. In testing, the debris 
container rapidly fills with light debris and 
contains it, validating the increased 
performance of the new separator design. 
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9 Zn 4 Sb 3 : A High-Performance Thermoelectric Material 

The thermoelectric figure of merit at 200 to 350 °C is the greatest known. 


NASA s Jet Propulsion Laboratory, Pasadena, California 


Zn 4 Sb 3 has been identified as a high- 
performance thermoelectric material. In 
p-type, Zn 4 Sb 3 samples have exhibited the 
greatest dimensionless thermoelectric 
figure of merit ever observed for a p-type 
material at temperatures from 200 to 350 
°C. In this respect, Zn 4 Sb 3 fills a gap in the 
thermoelectric-performance spectrum 
between the state-of-the-art thermoelec- 
tric materials like (a) p-type Bi 2 Teybased 
alloys, which exhibit their greatest figures 
of merit at lower temperatures and (b) p- 
type Te/Ag/Ge/Sb (‘TAGS”) alloys and 
p-type PbTe-based alloys, which exhibit 
their greatest figures of merit at higher 
temperatures. Thus, Zn 4 Sb 3 offers an im- 
portant thermoelectric-performance ad- 
vantage for generating electrical energy 
from heat sources in the temperature 
range from 200 to 350 °C. Zn 4 Sb 3 also 
costs less than do the state-of-the-art 
lower- and higher-temperature alloys. 

Zn 4 Sb 3 exists in three phases; a (which 
is stable below -10 °C), (3 (which is stable 
from -10 to 492 °C), and y (which is sta- 
ble from 492 °C to the melting tempera- 


ture of 566 °C). In the temperature range 
of interest, Zn 4 Sb 3 thus manifests itself as 
^-Zn 4 Sb 3 , which has been reported in the 
literature to be characterized by a band 
gap of about 1.2 eV. Single crystals of [3- 
Zn 4 Sb 3 were prepared by the Bridgman 
gradient-freeze technique. In addition, 
polycrystalline samples were prepared by 
melting and direct reaction of powders of 
Zn and Sb followed by regrinding of the 
resulting ingots into powder followed by 
hot pressing to consolidate the powders 
into solid pellets. 

The thermoelectric properries of the 
crystalline and polycrystalline samples 
were measured and found to be similar. 
The results show that (3-Zn 4 Sb 3 is a heav- 
ily-p-doped semiconductor. The dimen- 
sionless thermoelectric figure of merit, 
ZT is defined by ZT = crT/pA, where a 
is the Seebeck coefficient, T is the ab- 
solute temperature, p is the electrical 
resistivity, and A is the thermal conduc- 
tivity. The figure illustrates ZT as a func- 
tion of temperature as calculated from 
the measurements on the (3-Zn 4 Sb 3 sam- 


ples, plus ZT as a function of tempera- 
ture for the state-of-the-art thermoelec- 
tric materials mentioned previously. 
One of the most interesting features of 
(3-Zn 4 Sb 3 that contributes to its rela- 
tively large ZT is its thermal conductiv- 
ity, which reaches a low value of only 6 
mW/(cm*K) at 250 °C. This is the low- 
est thermal conductivity of any thermo- 
electric material known thus far. 

There are many potential applications 
for (3-Zn 4 Sb 3 in thermoelectric genera- 
tors, especially for recovering electrical 
energy from waste heat. Sources that gen- 
erate waste heat in the temperature 
range of peak thermoelectric perfor- 
mance of p-Zn 4 Sb 3 include garbage incin- 
erators, geothermal sources (including 
hot oil from oil wells), power plants, and 
automobiles. 

This work was done by Thierry Caillat of 
Caltech for NASA’s Jet Propulsion Labo- 
ratory. For further information , access the 
Technical Support Package (TSP) free on- 
line at imvw.nasatech.com under the Mate- 
rials category. 



The Values of the Dimensionless Figure of Merit of samples of p-Zn 4 Sb 3 in the temperature range of 200 to 350 °C were found to exceed those of other 
thermoelectric materials. 
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In accordance with Public Law 96-517, the contractor has elected to 
retain title to this invention. Inquiries concerning rights for its commer- 
cial use should be addressed to 
Technology Reporting Office 

JPL 

Mail Slop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 
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$ High-Performance 
Thermoelectric Materials 
Based on (3-Zn 4 Sb 3 

Even better performances are obtained with 
solid solutions of (J-ZoiSbs and Cd 4 Sb 3 . 

NASA's Jet Propulsion Laboratory , Pasadena , California 

Materials based on j3-Zn 4 Sb 3 have been found to exhibit un- 
usually high values of the dimensionless thermoelectric 
figure of merit at temperatures between 200 and 400 °C. The dis- 
covery that p-type (3-Zn 4 Sb 3 is a high-performance thermoelectric 
material was reported in the preceding article. The development 
reported here extends beyond that discovery to include solid so- 
lutions of p-Zn 4 Sb 3 and Cd^Sb^ (with general compositions given 
by Zn 4 _ x Cd,Sb 3 ) in the class of high-performance thermoelectric 
materials based on (i-Zn 4 Sb 3 . 

The development has included studies of doping with impuri- 
ties and of deviation from stoichiometry’ as means to affect the 
electrical properties of p-Zn 4 Sb 3 . These studies have included the 
preparation of samples with electrical conductivities of both the 
p- type and the n-type. Theoretical modeling of die thermoelec- 
tric properdes of p-type P-Zr^Sb* w'as also performed to predict 
the maximum achievable figure of merit for this compound as a 
funcdon of temperature, and experimental values were found to 
approach die predicted values. 

The thermoelectric figure of merit, ZTis given by ZT * cr’T/pA, 
where cr is the Seebeck coefficient, Tis the absolute temperature, 
p is the electrical resisuvity, and A is the thermal conducdvity. The 
figure illustrates ZT as a funcdon of temperature, both from the 
theoredcal predicdon described above and as calculated from 
measurements on p-doped (3-Zn 4 Sb,, on other state-of-the-art p- 
doped thermoelectric materials, and on a p-type Zi^Sbj/CdiSb* 
solid soludon of nominal composiuon ZnsaCdoaSbj. In the cited 
prior ardcle, the high ZT of p-type P-Zn 4 Sb* in the temperature 
range of interest was attributed pardy to its low thermal conduc- 
dvity, which was then the lowest known thermal conducdvity of 
any thermoelectric material in that temperature range. Since 
then, the thermal conducdvity of the Zn 32 Cdo.#Sbs solid soludon 
has been found to be even lower. The net result is that the ZT val- 
ues of Zn 3 ^CdoaSb* exceed those of P-Zn<Sb 3 at temperatures > 50 
°C, reaching a high value of 1 .4 at a temperature of 250 °C. 

Temperature-stability tests have shown that thermoelectric ma- 
terials based on P-Zr^b* are stable in dynamic vacuum at tem- 
peratures up to about 250 °C and in stauc vacuum up to about 
400 °C. A Zn/Cd eutecuc brazing material has been developed 
for use in bonding diese materials to copper electrodes. Contact 
electrical resisdviues betw een samples of these materials and cop- 
per electrodes have been found to be very low. Thus, it should be 
relatively easy to incorporate these materials into thermoelectric 
power-generaung and cooling devices. 
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The Dimensionless Figure of Merit ( ZT) of Zn 32 Cd 08 Sb 3 exceeds that of 
p-ZruSb* and exceeds the Z7s of other thermoelectric materials even more. 


This work was done by Thierry Caillat, Alexander Borshchevsky , 
and Jean-Pierre Fleurial of Caltech /or NASA’s Jet Propulsion Labo- 
ratory. For further information , access the Technical Support Package 
( TSP ) free on-line at wwwnasatech.com under the Materials category. 

In accordance with Public Law 96-51 7, the contractor has elected to 
retain title to this invention. Inquiries concerning rights for its com- 
mercial use should be addressed to 
Technology Reporting Office 

jpl 

Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-19851, volume and number of this NASA Tech 
Briefs issue, and the page number. 


Cold Hibernated Elastic 
Memory (CHEM) Expandable 
Structures 

Compacted structures would be deployed 
with heat only. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 

Experiments have confirmed the feasibility of a new class of 
lightweight, reliable, simple, and low-cost expandable structures. 
The concept called “cold hibernated elastic memory” (CHEM) 
utilizes the shape memory polymers (SMPs) in open cellular 
structures. Basically, these structures are SMP foams that are 
under development by Jet Propulsion Laboratory (JPL) and Mit- 
subishi Heavy Industry (MHI). 

In CHEM concept, the structures of any shape, such as rods, 
tubes, wheels, boards, chassis, packages, tanks, and the like, are 
fabricated from larger SMP foam blocks. Subsequendy, they are 
compacted to very small volumes in rubbery (flexible) state above 
the glass-transition temperature ( T g ) and later cooled below T g to 
glassy state. When the stowed structure is frozen, the external 
compacting forces are removed and the part can be stowed in 
cold hibernated state for unlimited time below T g . A compacted 
part can be heated above T g to rubbery state and the original 
shape will be precisely restored by simultaneous elastic recovery of 
the foam and its shape-memory polymer effect. A fully deployed 
structure can be rigidized by cooling below T g to glassy state. Once 
deployed and rigidized, a part could be heated and recompacted. 
In principle, there should be no limit on achievable number of 
compaction/deployment/ rigidization cycles. 
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The main advantages of the CHEM 

structures over conventional polymer 

foams are as follows: 

• Both, elastic and plasdc compressive 
strains are precisely recovered; 

• High full/stowed volume ratios are 
achieved; 

• High ratios of elastic modulus ( E) 
below T g to E above T g allow to keep 
original shape in stowed, hibernated 
condition, without external compact- 
ing forces; 

• Small temperature range for full trans- 
formation from rigid to rubbery state 
reduces the heat consumption during 
deployment (shape restoration); 

• Wide range of T g from -70 to +100 °C 
results in many applications. 


Advantages over other expandable/ 
deployable structures are as follows: 

• high reliability, 

• low cost, 

• simplicity; 

• no deployment/ inflation systems, 

• clean deployment and rigidization, 

• none or very little long-term stowage 
effects, and 

• inexpensive technology development 
The disadvantage of CHEM struc- 
ture is that heat energy is needed for 
deployment. However, natural heat 
sources are considered to be utilized 
and studies/proof-of-concept are 
planned to be conducted. 

A wide range of T g from -70 to +100 °C 
results in a myriad possible space and ter- 


restrial commercial applications. The 
CHEM concept could be applied to shel- 
ters, hangars, camping tents or outdoor 
furniture, to mention just a few. Such arti- 
cles could be made of an SMP foam with a 
T g slightly above the highest outdoor sum- 
mer temperature. The CHEM parts can 
be transported and stored in small pack- 
ages, then expanded by heating at the out- 
door site. After expansion, the CHEM 
parts will be allowed to cool to ambient 
temperature below their T g and rigidize. 

This work was done by Witold Sokolowski 
and Artur Chmielewski of Caltech for NASA’s 
Jet Propulsion Laboratory. For further in- 
formation , access the Technical Support Pack- 
age (TSP) free on-line at iouruLnasatech.com 
under the Materials category. NPO-20394 


$ Nonchromic Acid Brightener for Brass and Copper 

Lyndon B. Johnson Space Center, Houston, Texas 


A process for precleaning brass and 
copper parts before processing them 
further in a clean room includes a 
brightening chemical treatment in so- 
lution of 85 volume percent phos- 
phoric acid, 3 volume percent nitric 
acid, and 12 volume percent acetic 
acid. This solution acts rapidly and can 


be discarded easily; it replaces a 
chromic-acid brightening solution that 
has become subject to environmental 
regulation. In preparation for the 
treatment, a part is First alkaline 
cleaned, rinsed with water, and dried 
until no water is visible. The part is 
then treated by immersing it in the so- 


lution for 10 seconds or until bubbles 
appear on all its surfaces. The part is 
then rinsed with water and dried. 

This work was done by Paul H. Biesinger of 
AUiedSignal, Inc., /m Johnson Space Cen- 
ter. No further documentation is available. 
MSC-22662 
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Mechanics 


©Analysis of Flutter of the APEX Sailplane 

This airplane is expected to be safe from destruction by flutter instabilities. 

Dryden Flight Research Center, Edwards, California 


The proposed APEX 
high-altitude aerodynami- 
cal-research sailplane (see 
Figure 1) has been pre- 
dicted to be free of flutter 
instabilities within its flight 
envelope. Designed to fly 
under remote control at al- 
titudes of up to 100,000 ft 
(30.5 km), the APEX air- 
plane would feature a stiff 
boron composite structure, 
the vibration-mode charac- 
teristics of which would be 
such that they should en- 
able the airplane to fly at 
relatively high subsonic 
mach numbers without risk 
of destruction by flutter. 

This prediction is the product of a 
flutter analysis that included a modal 
analysis based on a mathematical 
model of the dynamics of the airplane 
structure. Modal analysis is an essential 
part of flutter analysis; it is also needed 
in analysis of results of ground vibra- 
tion tests and in the development of 
control laws. The flutter analysis was 
performed in lieu of flight tests to 
provide assurance of flutter stability, 
which tests are beyond the scope of the 
APEX project. 

In preparation for the flutter analy- 
sis, the Advanced Soaring Concepts 
mathematical model of the structural 
dynamics was converted from a format 
denoted “COSMOS” to a format de- 
noted “STARS” and validated. Detailed 
and accurate mass and stiffness distrib- 
utions were included in the model. 



Figure 1. The APEX Sailplane, shown here as rendered by an artist, would be a unique, remotely piloted research air- 
plane that would fly at high altitudes. 



Figure 2. The APEX Flight Envelope does not enclose any flutter instability, according to flutter 
analysis. (V ne = Velocity never exceed; V d - Velocity in dive.) 
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The results of modal analyses were 
examined and plotted, and deflections 
were interpolated. Final flutter solu- 
tions were computed by use of a 
matched point, so that the flutter-sta- 
bility calculations could be confirmed 
by recalculating them with flow para- 
meters at the predicted stability bound- 
ary. The updated results of modal 
analysis were found to follow reason- 
able patterns. Flutter instabilities were 
found to lie well outside the flight en- 
velope (see Figure 2). 

This work was done by Roger Truax 
o/Dryden Flight Research Center. For 
further information , access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Mechanics 
category. 

DRC-98-74 


©Equipping Quick- 
Disconnect Fittings 
To Detect Leaks 

JohnF. Kennedy Space Center, 
Florida 

Quick-disconnect fittings on hoses 
and bellows can be equipped with sen- 
sors to detect leaks and misalignments 
that cause leaks. Experiments have 
shown that four types of sensors are ef- 
fective for this purpose: force sensors, 
strain gauges, pressure transducers, 
and microphones. Of these, force sen- 
sors appear to be best for indicating 
misalignments. Microphones pick up 
the whistling sounds of gas leaks. Pres- 
sure transducers in purge cavities can 
indicate (a) increases in pressure that 
signify leaks in supply lines and (b) de- 
creases in pressure that signify leaks in 
vent lines. The instrumented quick-dis- 
connect fittings were conceived for use 
on the umbilical hoses used to supply 
gases and cryogenic liquids to space- 
craft during preparation for launch. 
The concept also has potential for en- 
hancing safety and helping to enable 
automation of fueling systems for cars, 
trucks, buses, trains, and airplanes. 

This work was done by Ronald L. Remus 
and Perry Hartford of Merritt Systems , 
Inc.y for Kennedy Space Center. 

Inquiries concerning rights for the com- 
mercial use of this invention should be 
addressed to the Technology Programs 
and Commercialization Office , Kennedy 
Space Center (407) 867-6373. Refer to 
KSC-11893. 
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Ceramic Hybrid Electromechanical Systems 

Mesoscopic ceramic-based devices would overcome key limitations of 
microscopic silicon-based devices. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Ceramic hybrid electromechanical 
systems (CHEMS) have been proposed 
to overcome some of the disadvantages 
while retaining most of the advantages 
of microelectromechanical systems 
(MEMS). Whereas MEMS are fabri- 
cated mostly by micromachining of sili- 
con and have typical feature sizes of 
the order of microns or smaller, 
CHEMS could be fabricated on ce- 
ramic substrates by a wider variety of 
techniques and would have typical fea- 
ture sizes ranging from tens of microns 
to millimeters. Depending on specific 
applications, CHEMS could serve as al- 
ternatives or complements to MEMS. 
CHEMS could be readily incorporated, 
along with integrated circuits and 
other microscopic components, into 
ceramic-based hybrid multilayer pack- 
ages (e.g., multichip modules). 

While the development of MEMS has 
been an important achievement in 
miniaturization, it turns out that in 
many practical applications, MEMS are 
too small to provide the required sensi- 
tivity as sensors or to provide the re- 
quired forces or strokes as actuators. 
MEMS also suffer from sticton, 
squeeze-film damping, and damage in- 
duced by surface tension in liquids dur- 
ing processing. In addition, silicon is 
often not the substrate material of 
choice for applications in which there 
are requirements for electrically or 
thermally insulating substrates, low ca- 
pacitance, resistance to corrosion, or 
hermetic sealing. 

The proposal to develop CHEMS 
originated from the realization that 
many of the mechanical problems of 
MEMS could be solved more readily by 
fabrication of packaged microelectro- 
mechanical devices with dimensions in- 
termediate between those of silicon- 
based microdevices and those of 
conventional macroscopic electro- 
mechanical devices. Sensors and actua- 
tors at the proposed CHEMS mesoscale 
could be made stronger and could be 
made to respond over dynamic ranges 
wider than those of silicon-based mi- 
crodevices. Seals could be improved 
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and strokes lengthened. Even so, 
CHEMS would still be small enough to 
fit into compact packages along with 
electronic integrated circuits. 

In the development of CHEMS, it 
will be possible to take advantage of the 
mature technology already available 
for manufacture of ceramic hybrid 
structures in the electronics industry. 
There is an immense data base on ce- 
ramic materials with a wide variety of 
mechanical and electrical characteris- 
tics, including such sensor/actuator 
materials as piezoelectrics and ferro- 
electrics. Ceramic hybrids and multi- 
chip modules, and modern processes 


for manufacturing them, share many 
characteristics with those of silicon- 
based MEMS. Ceramic-hybrid technol- 
ogy affords the means to make lami- 
nated assemblies of ceramics, metals, 
and glasses that can be patterned, 
fired, and etched to produce three-di- 
mensional structures. Inasmuch as sili- 
con-based MEMS and electronic cir- 
cuits are already typically integrated on 
ceramic substrates or headers, the fab- 
rication of CHEMS should pose no ob- 
stacle to integration, nor should it en- 
tail additional cost. The completed 
systems would be of the same masses 
and volumes as those of packaged sili- 


con microfabricated devices, but would 
have greater capabilities because of the 
larger sizes of the active mechanical 
components. 

The figure illustrates an example of 
fabrication of a multilayer CHEMS that 
would include a metal cantilever over a 
rectangular hole plus metal layers con- 
nected to each other electrically and 
mechanically. Fabrication would be ac- 
complished by use of the low-tempera- 
ture cofired ceramic (LTCC) process. 
The starting materials for the layers 
would be 250-pm-thick “green” (that is, 
not yet fired) ceramic tapes, typically 
composed of 40 to 60 percent Al 2 O s 
and the balance of filler materials. 

Via holes for mechanical registration 
and electrical contact would be 
stamped into the tapes by use of com- 
puter-aided design and automated cut- 
ting tools. The via holes for electrical 
connection would be filled with metal. 
The rectangular central hole would be 
filled with a sacrificial dielectric to sup- 
port the cantilever to be formed in the 
next step. Metal layers would be 
screened onto the broad surfaces of 
the tapes, forming the cantilever 
among other metal features. The 
metal-patterned tapes would be 
stacked and aligned by use of pins 
through the registration holes. The 
stack would be laminated at a pressure 
of 3 kpsi (21 MPa) and temperature of 
70 °C. Next, the laminated structure 
would be heated to 500 °C to drive out 
volatiles. The structure would be fired 
at 850 °C to set the ceramic. Finally, to 
free the cantilever, the sacrificial di- 
electric would be removed from the 
central rectangular hole by wet and/or 
dry chemical etching. 

This work was done by Linda Miller, 
Michael Hecht, Martin Buehler ; Amin 
Mottiwala, Beverly Eyre , and Indrani 
Chakraborty of Caltech for NASA’s Jet 
Propulsion Laboratory. For further 
information , access the Technical Support 
Package (TSP) free on-line at www. 
nasatech.com under the Machinery/ 
Automation category. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be addressed to 
Technology Reporting Office 

JPL 

Mail Slop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to SPO-20356, volume and num- 
ber of this NASA Tech Briefs issue, and 
the page number. 


IF YOU THINK YOU CAN’T SEAL IT, 
YOU HAVEN’T TRIED 

PNEUMASEAL 

Pneuma-Seal® is an 
inflatable gasket that is 
pressurized with air. It 
fills the gaps between 
surfaces, even hard-to-seal 
uneven surfaces. When deflat- 
ed, Pneuma-Seal quick- 
ly retracts preventing 
interference when open- 
ing and closing a door or 
cover. 

Use Pneuma-Seal as an 
effective barrier against pressure 
differentials and to seal out water, 
dust, gas, chemicals, noise and other 
contaminants. 

Typical applications include: 

Processing equipment : chemical, food, textile, pharma- 
ceuticals, dryers, ovens and where rapid sealing and 
unsealing are required. 

Pollution control : sound attenuation, hopper seals. 

Laboratory facilities : test equipment, clean rooms. 

Transportation : military vehicles, aircraft, shipboard, mass transit doors and 
hatches. 

Construction : special purpose doors, flood protection. 

Pneuma-Seal is particularly suitable for: 

Large enclosures where it is uneconomical to machine the entire sealing surface. 
Uneven fabrications where traditional compression gaskets or latches are 
ineffective. 

Horizontal or vertical sliding doors or covers that would tend to drag on and 
abrade conventional seals. 

Hinged doors where flush thresholds are required. 

To obtain our complimentary designer s handbook, engineering 
assistance or to have a Presray representative contact you, please 
call, fax, E-mail or reach us on the Worldwide Web: 

(914) 855-1220 • Fax: (914) 855-1139 
West Coast: (714) 751-2993 
E-mail: info@presray.com 
http://www.presray.com 

PRESRAY 

Presray Corporation 
159 Charles Colman Boulevard 
Pawling, NY 12564-1193 
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® Optoelectronic Liquid-Level Gauges for Aircraft Fuel Tanks 

Replacement could be accomplished in minutes instead of days. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 


Gauges that would measure liquid lev- 
els optically have been proposed for 
use in aircraft fuel tanks. These gauges 
would contain no moving parts (no 
floats) and no wiring inside the tanks. 
Their overall function could be charac- 
terized as that of permanently im- 
mersed, self-reading dipsticks. 

The proposed gauges are intended to 
supplant the capacitance probes now 
used to measure liquid-fuel levels in 
such tanks. Capacitance probes are 
mounted at several locations inside a 
tank and are connected to external in- 
strumentation via wiring. The probes 
and wiring are usually reliable, but fail 
occasionally. Because replacement of ca- 
pacitance probes and/or wiring involves 
intrusion into the tank, the aircraft 
could be out of service for days. 

In a gauge of the proposed type, the 
only part intruding into the tank would 
be a rodlike assembly, mounted from the 
outside of the tank, that would provide 
optical access to the liquid inside. The 
rodlike assembly would include a baffle 
plus a rod made of a suitable transparent 
material. The rod would be etched or 
scored at prescribed intervals along its 
length to provide optically reflective 
fiducial marks at known levels. Light 
would be coupled into the rod from a 
source at the outer end to illuminate the 
fiducial marks. A camera or other imag- 
ing device would be mounted adjacent 
to the source of light and would be 
aimed along the rod to observe the illu- 
minated marks. 

The rod material would be chosen so 
that its index of refraction would approx- 
imately match that of the liquid in the 
tank. As a result, the fiducial marks im- 
mersed in die liquid would appear dark to 
the imaging device, while those above the 
surface of the liquid would appear bright 
to the imaging device. The liquid level 
would thus be assumed to lie between the 
lowest bright mark and the dark mark just 
below it. The output of the imaging de- 
vice would be processed to into an indica- 
tion of the liquid level in increments of 
depth between fiducial marks. 

A mass-produced gauge of this type 
would likely include a miniature imag- 


ing device containing an active-pixel 
sensor, plus input/output circuits, all in- 
tegrated on a single chip. An applica- 


uon-specific integrated circuit (ASIC) 
for processing the image-sensor output 
could also be included. Clock and com- 
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_ worldwide leader in 
ESD floor finishesP 




For starters, we make four of them. 

Which is three more than most other companies in the business. 

In fact, Staticide from ACL is the most recognized name in ESD 
products, and offers the most floor finish varieties for any application. 
Used in 37 countries around the world, ACL markets the most effective, 
longest lasting ESD products available. Choose the ESD floor finish that 
best meets your needs, including our latest products, Staticide Ultra and 
Staticide Zero VOC. For more information, call us at 1-800-782-8420. 

ACLStaticfde 

Specialists in Static Control 
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All Dimco-Gray customers 
work with an owner, becaus 
we are 100% employee owne3 

• Custom Design & Molding • traditional & Leading Edge 
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Thermoset • Widest Variety of Stock Knobs & Handles 

• Custom & Stock Screw Machine Parts • GrayLab™ 
Electomechanical & Electronic Timers • 98% of Orders 
Ready to Ship Early 
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Instant action/feedback 
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Hermetically or environmentally sealed, 
stainless steel construction 


)& Snap Action: Pushbutton, lever, and toggle designs 

B Design-specific mechanism & packaging options 
B On-site design/engineering 
BS On-site, U.S. manufacturing for quick turn-arounds 
& Qualified per MIL-S-8805 

Proven durability in the most demanding _ 
applications including aerospace, heavy 
industry & high performance electronics M ivUI. 

Haydon Switch & Instrument, Inc. 
Call 800-243-2715 HSMnt 

\itx~o ul I u • • 1500 Meriden Rd. 

On the WEB: http://www.hsi-inc.com Waterbun. cr 
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mand signals and signal input voltage would be supplied to the 
chip from external instrumentation. The overall size of the 
unit on the outer end of the rod assembly (including the 
ASIC) would be of the order of 1 in. 5 (~16 cm 5 ). 

In a typical case, it would be necessary to place gauges at sev- 
eral locations. Then the fuel-level readings from the several lo- 
cations could be processed by 2 m algorithm that would take ac- 
count of the shape of the tank in determining the amount of 
fuel remaining. It should also be possible to implement some 
form of autocalibration in software. The level readings or the 
final calculated quantity of fuel could be integrated or aver- 
aged before being displayed in nearly real time (update every 
few seconds) . 

With respect to initial costs, the proposed gauges would be 
competitive with capacitive fuel gauges. However, recurring 
costs of the proposed gauges would be much lower because their 
rodlike assemblies could be replaced in minutes instead of days. 

This work was done by Philip Moynihan , Paul Henry , Tien-Hsin 
Chao , William Lincoln , William King, and Lloyd Adams of Caltech 
for NASA’s Jet Propulsion Laboratory. For further information, 
access the Technical Support Package (TSP) free on-line at 
www.nasatech.com under the Physical Sciences category. NPO-20105 


i- Shape-Memory-Alloy 
Thermal-Conduction Switches 

These devices would be simple, cheap, 
and reliable. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 

Variable-thermal-conduction devices containing shape- 
memorv-alloy (SMA) actuators have been proposed for use in 
situations in which it is desired to switch on (or increase) ther- 
mal conduction when temperatures rise above specified values 
and to switch off (or decrease) thermal conduction when tem- 
peratures fall below those values. The proposed SMA thermal- 
conduction switches could be used, for example, to connect 
equipment to heat sinks to prevent overheating, and to dis- 
connect the equipment from heat sinks to help maintain re- 
quired operating temperatures when ambient temperatures 
become too low. In comparison with variable-conductance 
heat pipes and with thermostatic mechanisms that include 
such components as bimetallic strips, springs, linkages, and/or 
louvers, the proposed SMA thermal-conduction switches would 
be simple, cheap, and reliable. 

The basic design and principle of operation of an SMA ther- 
mal-conduction switch is derived from an application in which 
thermal conduction from hot components to a cooling radia- 
tor takes place through the contact area of bolted joints. The 
thermal conductance depends on the preload in each joint. 
One could construct an SMA thermal-conduction switch by 
simply mounting an appropriately designed SMA washer 
under the bolthead. As the temperature falls below (or rises 
above) the SMA transition temperature, the SMA washer 
would contract (or expand) axially by an amount sufficient to 
unload (or load) the boh, thereby shutting off (or turning on) 
most of the thermal conduction through the joint contact 
area. SMA washers with various transition temperatures can be 
made to suit specific applications. 

This work was done by Virginia Ford and Richard Parks of Caltech 
for NASA’s Jet Propulsion Laboratory. For further information , 
access the Technical Support Package (TSP) free on-line at 
www.nasatech.com under the Physical Sciences category. NPO-20437 
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• voltage measurements up to 
±20V full scale 


22-bit resolution A/D converter 

direct thermocouple measure- 
ments — no extras to buy 

frequency/pulse measurements 
up to 1 MHz 

digital I/O up to 15V 
500V isolation from the PC 

powered from USB — no extra 
power source required 

quick-disconnect terminal blocks 

Personal DaqView" Out-of-the-Box'' 
software for effortless setup, acqui- 
sition, real-time display, & export 
to other software such as Excer 

drivers for Visual Basic®, Delphi" - , 
C++~, LabVIEW*, & DASYLab® 

expansion capacity up to 8,000 
channels via multiple USB hubs 

CIRCLE 401 


Data A 

Now you can measure volts, 
thermocouples, frequency, 
pulse, and digital I/O with 
one low-cost, compact, and 
portable device attached to 
your notebook or desktop 
PC. The new Personal Daq 
from lOtech attaches to 
your PC's Universal Serial 
Bus (USB), providing 
plug-and-play commu- 
nication and power to 
the Personal Daq. 

For less than $700, 
the Personal Daq offers 
all of these features: 


^rom 


For a complete listing of lOtech worldwide 
sales offices, see www.lotech.com/sales.html 

Australia +61 3.9569.1 366: Austria 43 316 30700; 

Belgium 4 31.162 472 461; Canada Calgary (800) 665-7301, 
Montreal (514) 697-3333, Ottawa (613) 596-9300, 

Toronto (905) 890-2010, Vancouver (604) 988-2195; 

China +86 10 6232 9880; Denmark +45.4371 6444, 

Eastern Europe -43 1 54.515 88, Finland +358 9 476 1600; 
France +33 1.34.89 78 78; Germany -49.21 66 9520.0; 

Israel +972 3 649 8538. Italy +39 2 392 66561, 

Japan +81 3.3279.0771 Korea +82 2 538-4001; 

Netherlands 431.162.472.461. New Zealand -64 9309 2464; 
Norway 47.22.76.40.00 Singapore 465 482-5600; 

South Africa +2711.651.5375, Spain +349.1 570.2737; 

Sweden +46.1 3.35 7030; Switzerland +411. 878.9090 
Taiwan +886.2 2797.3357; United Kingdom +44 1296 397676 



the smart approach to instrumentation " 

www.iotech.com 


1 - 888 - 728-5766 


25971 Cannon Road 
Cleveland OH 44146 
Tel 440.439.4091 
Fax 440.439.4093 
sales@iotech.com 

The todowtng are trademarks or registered trademarks 
of their respective holders: DASYLab, LabVIEW-National 
instruments. Excel, Microsoft Windows, Visual Basic - 
Mfcrosoft Corp.; C++, Delphi-lnprise Corp. All other 
trademarks are the property of lOtech. 




Next Generation 

Data Acquisition 



with Out-of-the-Box" Software! 


Ethernet 



software 

NetScarT — Up to 1 28 channels of 
isolated voltage and TC inputs, plus 
32 control outputs — built-in ethemet 
port and optional OPC/DDE-server for 
HMI/SCADA applications. $2,995. 
www.iotech.com/da/net5.html 


Portable 



WaveBook w — 1 -MHz, multichannel 
sampling, plus signal conditioning 
options for accelerometers, strain 
gages, and much more. Note- 
book PC-compatible for portable 
applications. $ 2,795 . 
www.iotech.com/da/wave5.html 



Personal Daq"* — Up to 60 channels 
of voltage and thermocouple inputs, 
plus digital I/O, frequency, pulse, and 
duty-cycle — all in one low-cost, 
portable package. Attaches to PC via 
USB — no external power source 
required. $695. 

www.iotech.com/da/usb6.html 

Out-of-the-Box™ 

Included software gets you acquiring, 
saving, analyzing, and viewing data 
as soon as you take your lOtech 
product Out-of-the-Box ,u . No need to 
spend thousands more on training 
courses or extra packages. 



Also included are Windows' 95/98/NT 
drivers for all popular languages, 
including Visual Basic*, Delphr, C++~ 
LabVIEW* and DASYLab ®. 

1 - 888-728 5766 


Stand-Alone 



Includes 
LogVievV “ 
Out-of-the-Box" 
software 


LogBook M — High-speed data 
logging without a PC at the test 
site. Low-cost PC-Card memory for 
data storage. Signal conditioning 
for all transducer types. $3,495. 
www.iotech.com/da/log5.html 


IEEE 488/Serial 



Includes ChartView" 
Out-of-the-Box M software 


MultiScarT — Up to 744 isolated 
channels of voltage and TC inputs 
— ideal for low cost-per-channel 
data-collection and control systems 
(ethemet optional). $2,590. 
www.iotech.com/da/multi5.html 


For a complete listing of lOtech worldwide 
sales offices, see www.iotech.com/sales.html 

Australia -61 3.9569 1 366, Austria 43 316 30700; 

Belgium *31.162.472.461, Canada Calgary (800) 665-7301, 
Montreal (514) 697-3333. Ottawa (613) 596-9300, 

Toronto (905) 890-2010. Vancouver (604) 988-2195; 

China *86 10 6232-9880; Denmark *45.4371.6444; 

Eastern Europe *43 1.54.515.88, Finland *358 9.476 1600; 
France +33 1 34.89.78.78, Germany *49.2166.9520.0; 

Israel +972 3 649 8538; Italy -39 2 392 66561; 

Japan +81.3.3279.0771; Korea +82 2 538-4001; 

Netherlands +31.162.472.461; New Zealand +64 9309 2464; 
Norway 47.22.76 40 00, Singapore +65 482-5600; 

South Africa +27 .11 .651 5375; Spain +349.1.570.2737; 

Sweden *46.13.35 7030; Switzerland +411.878.9090; 

Taiwan +886.2.2797.3357, United Kingdom *44 1296 397676 
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OUR ACCURACY HAS 
THE COMPETITION 
SEEING GREEN. 


( High Accuracy Actuators from THK ) ' " 



To request literature, contact 
THK America, Inc. 
200 E. Commerce Dr. 
Schaumburg, IL 601 73 
1 (800) 763-5459 


Atlanta: 
Chicago: 
Los Angeles: 
New Jersey: 
San Francisco: 
Toronto: 
Web: http: 


(770) 840-7990 
(847)310-1111 
(714)891-6752 
(201)529-1950 
(925) 455-8948 
(905) 712-2922 
//www.thk.com 
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LM SYSTEM 


Boasting exceptional accuracy and rigidity, our compact 
Type KR Actuator is the envy of the industry. 

With its precision ball screw and steel frame construction, the 
Type KR offers outstanding accuracy and rigidity against heavy 
loads and moments. What's more, the Type KR's use of circular 
arc raceways in the LM guide allows for equal load ratings in 
all directions, and virtually limitless installation positions. 

Our Type KR is available in four sizes, including miniature. 
Choose from four precision grades, all of which can be pre- 
loaded according to your specific application. Motor and 
sensor packoges are available. 

To learn more about how our actuator can enhance your 
designs, give us a call. 

THK offers custom-engineered products to meet your 
specific O.E.M. application requirements. 

See Us At: Nepcon West, Booth # 4836 & SAE, Booth #451 
For More Information Circle No. 600 



Rolling Stock: 
Precision Balls in 
Motion Control 


Spherical rolling elements 
are a critical component in 
the efficient transfer 
of motion. 



^ I K. 







W hether the application 
be a radial bearing, 
linear bearing, thrust 
bearing, or ball screw, 
high-precision spheri- 
cal rolling elements such as those from 
Thomson Precision Ball Co. provide the 
means of minimizing friction during the 
transfer of mechanical motion. The end- 
use application, based primarily on load, 
speed, and accuracy requirements, 
determines the ultimate configuration 
of the bearing and/or ball-screw assem- 
bly in relation to the spherical rolling- 
element type. 


The determining attributes of preci- 
sion balls used as rolling elements 
include material type, nominal diameter 
size, incremental size, and tolerance 
grade. The key criterion in precision 
ball selection is to establish a balanced 
component design considering the tol- 
erance requirements of the mating com- 
ponents of the precision balls in con- 
junction with the desired end-use oper- 
ating characteristics of the bearing/ ball- 
screw assembly. 

Common material types include 
through-hardened chromium steel, 
through-hardened corrosion-resistant 


steel, and ceramics. Bearing-grade low- 
alloy chromium steel is the most widely 
used material today on a global basis. 
Through-hardened chromium steel has 
a Rockwell hardness of Rc 60-67, which 
minimizes wear, and provides high 
strength and and a high degree of frac- 
ture toughness. Domestically, this mater- 
ial is known as AISI 52100; in Europe the 
designation is 100 Cr6. 

In the stainless steel family. AISI 440C 
is by far the most common corrosion- 
resistant material for bearing and ball- 
screw applications. Having a chromium 
content of 16-18 percent, it exhibits cor- 
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Relative Scale of ^Precision 
for a Thomson Precision Ball 


Human Hair = .0035 inch 
Diameter .0889 mm 


Dust Particle = .001 inch 
Diameter .0254 mm 


Fingerprint = .0005 inch 
Depth .0127 mm 


Tobacco Smoke = .0001 inch 
Particle Size .0025 mm 


ONE = .000039 inch 

MICRON (39 millionth* ol on inch) 

.001 mm 

(on* thousandth ol a millimetor) 


Industrial Smoke = .00025 inch 
Particle Size .00635 mm 


Thomson Precision Ball 
produces super precision 
balls to a maximum tolerance 
of 3 millionths of an inch/ 
1/10 of one micron. 


rosion-inhibiting characteristics in a 
variety of operating environments. Fur- 
thermore, this material provides good 
wear characteristics because of through- 
hardening, which yields an Rc 58-65 
hardness rating. While a direct material 
replacement is not yet available to the 
European DIN/ISO standards, the 
X102CrMol7 material offers element 
properties very close to the domestic 
440C material. 

Ceramic material use in precision 
rolling-element applications started on a 
production volume basis approximately 
fifteen years ago for extremely high-tol- 
erance radial bearing applications. The 
benefits of silicon nitride ceramic mate- 
rial are numerous, including a 40-per- 
cent reduction in weight, increased 
hardness, and 70-percent less thermal 
expansion when compared to type 
52100 steel material. In addition, silicon 
nitride can safely operate in tempera- 
ture environments up to 1800 degrees F. 
Essentially, any application requiring 
tight radial and/or axial clearance can 
benefit from the use of silicon nitride 


balls. These are most commonly used in 
corrosive environments, weight-sensitive 
applications, extreme temperature envi- 
ronments, and vacuum applications. 

At this time, the relatively high cost of 
this material makes its use prohibitive in 
many applications. However, in those 
where increased performance can offset 
such costs, silicon nitride is often the 
material of choice. 

Titanium balls represent a new prod- 
uct for Thomson. This highly inert 
material is lightweight, offers excep- 
tional anticorrosive properties, oper- 
ates effectively in high-temperature 
applications, provides a high level of 
tension/compression strength, and has 
expansion characteristics similar to 
steel. Titanium is used extensively in 
aerospace applications. 

Size Matters 

Precision balls are manufactured in 
both standard inch-diameter and met- 
ric-diameter sizes, i.e. y 1/8", 3 millime- 
ter, etc. Below 1/32", sizes are typically 
expressed in decimal format, such as 


0.008". These basic diame- 
ter dimensions are refer- 
red to as the nominal ball 
diameter size. In many 
applications, this is the 
only diameter require- 
ment referenced. How- 
ever, there are products 
that use precision balls 
not only as rolling ele- 
ments but also as the 
means to build in speci- 
fied free-play, preload, or 
backlash requirements 
such as bearing and ball- 
screw applications. 

In these applications, 
precision balls are manu- 
factured with either 
undersized or oversized 
diameters in increments 
of 0.0001" for customary 
inch units or by microns 
for metric units from the 
baseline nominal ball- 
diameter size. For exam- 
ple, in a radial bearing 
assembly requiring a radi- 
al play of 0.0002"-0.0005", 
the inner and outer ring 
ball track diameters are 
measured. From these 
measurements, a stan- 
dard-diameter ball such as 
a l/8"-size is adjusted to 
take into account the over- 
sized/undersized condi- 
tion of the inner and 
outer rings relative to the 
desired radial play re- 
quirements for the final bearing assem- 
bly. After these calculations are made, a 
determination of ball incremental size 
can be made. This concept also holds 
true for determining free play or pre- 
load in linear bearings as well as ball- 
screw assemblies. 

The final design parameter is the ball 
grade. These industry standards are 
governed in the U.S. by the American 
Bearing Manufacturers Association 
(ABMA), in Europe by DIN specifica- 
tions, and in Japan by theJIS reference 
specifications. In a very basic context, 
ball grade specifies the sphericity 
(roundness), diameter variation, and 
surface finish of the ball. For example, 
a Grade 5 ball would have a sphericity 
of 0.000005" (five millionths of an 
inch), a ball-to-ball diameter variation 
within a manufacturing lot or batch of 
±0.000005", and a maximum surface- 
finish roughness of 0.8 Ra. In compari- 
son, a Grade 24 ball will have a spheric- 
ity of 0.000024" (24 millionths), a lot 
diameter variation of ±0.000024", and a 
maximum surface condition of 2.0 Ra. 
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Tooling to Suit 

For the majority of applications, pre- 
cision balls maintain higher tolerance 
requirements in relation to their mat- 
ing components. Using a Grade 5 ball 
as an example, it will have a sphericity 
within 5 millionths of an inch. Keep in 
mind that a human hair has a diameter 
of 3 thousandths of an inch. Therefore, 
the sphericity tolerance of a Grade 5 
ball would equal 1/600 the diameter of 
a hair. With tolerances this small, 
sophisticated measurement techniques 
are mandatory to accurately identify 
ball grade. At Thomson, the latest spe- 
cially designed equipment is used to 
measure sphericity and surface finish, 
with tooling uniquely designed to mea- 
sure spherical objects. 

In order to maintain a controlled 
environment for consistent readings, 
these measuring devices are main- 
tained in an on-site A2 LA-certified 
metrology laboratory with temperature 
control held to ±1/2 degree F, humidi- 
ty control to a maximum of 50 percent, 
and particulate control to 0.5 micron. 

It is critical to have a controlled envi- 
ronment such as this for spherical mea- 
surement, as a one-degree Fahrenheit 
increase in temperature will result in 
the diameter of the precision ball grow- 
ing 17 millionths of an inch. This 
amount of diameter growth is signifi- 
cant when considering that the total 
tolerance limit of a Grade 3 through 
Grade 10 product is between 3-10 mil- 
lionths of an inch. To assure that accu- 
rately measured products reach our 
customers, Thomas Precision Ball is 
both ISO 9002 and QS-9000 certified. 
We believe our A2LA accredited 
metrology laboratory is the only one 
certified in the U.S. for both the dia- 
metrical measurement of a sphere as 
well as form measurement and surface 
finish of any item configuration. 

With the ability to manufacture and 
verify precision balls within a range of 
Grade 3-10 tolerances, the opportunity 
now exists to produce faster, quieter, 
smaller and higher-precision end-use 
items that require high-precision 
rolling elements. Examples of products 
that benefit from such balls include 
those made by ihe machine tool indus- 
try, which manufactures equipment 
capable of producing parts to tight tol- 
erances. Items used in machine tools 
would include high-precision Ball 
Bushing* bearings and related linear 
guides; ball screws manufactured to 
high-tolerance JIS Class CO, ISO Class I 
specificadons; and radial bearings uti- 
lizing ABEC 9 tolerances that minimize 
axial and radial play and can better 
maintain axial rigidity. Electric motors 


now run quieter due to tighter bearing 
tolerances ascribed in part to high-pre- 
cision balls. Aerospace applications 
have longer component run time, 
which reduces aircraft down time for 
scheduled overhaul. 

Tighter component tolerances as well 
as utilization of advanced precision ball 
materials such as ceramics result in 
longer assembly life and greater accura- 
cy. For consumer electronic products, 
the VCR, PC computer disk drives, cam- 
corders and CD players have all been 
reduced in size yet with increased per- 
formance and capabilities through pre- 


cision ball/precision bearing technolo- 
gy. As mechanical components become 
smaller, faster, quieter, and more com- 
plex, high-precision rolling element 
ball technology will continue to be a 
key factor in the quest to minimize fric- 
tion and extend component life. 

For further information please contact 
James W. Carle , the author of this ar- 
ticle and manager of sales and marketing 
at Thomson Precision Ball Corp., 2 
Channel Drive , Port Washington, NY 
11050; 1-800-345-2534; (860) 673-2534; 
fax: (860) 673-5398; E-mail: precisionbaU @ 
thomsonmail.com. 
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Surface Micromachining of Diamond for Fabrication 
of MEMS Microstructures 

Diamond bridges and cantilevers are formed by selective deposition and selective etching. 

NASA's Jet Propulsion Laboratory , Pasadena , California 


A surface-micromachining process 
has been devised for use in fabricating 
microscopic polycrystalline diamond 
structures (e.g., bridges and cantilevers) 
as integral parts of microelectromechan- 


ical systems (MEMS). The general con- 
cept of MEMS encompasses such diverse 
objects as simple mechanical actuators, 
simple mechanical sensors, or complex 
units containing electronic or optoelec- 


tronic circuitry’ integrated with mechan- 
ical sensors and/or actuators. Because 
diamond is highly resistant to corrosion 
and is transparent, the ability to form di- 
amond structures could contribute to 
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Optical photographs show Diamond Beams and Diamond Cantilever Beams that were fabricated using selective diamond deposition and subsequent mi- 
cromachining process. 
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the development of MEMS to withstand 
corrosive environments. For example, 
diamond structures could serve as sup- 
ports for corrosion-resistant electrodes 
in MEMS designed for biomedical appli- 
cations. MEMS containing diamond 
films could also prove useful as automo- 
tive sensor and display devices. 

An explanation of the distinction be- 
tween surface and bulk micromachining 
is prerequisite to a description of the 
present diamond-surface-micromachin- 
ing process. In bulk micromachining, 
three-dimensional features are etched 
into the bulk of a crystalline or noncrys- 
talline material. In surface microma- 
chining, features are built up, layer by 
layer, on a substrate of single-crystal sili- 
con or other suitable material. The fea- 
tures in a given layer are defined by dry 
etching or selective deposition. Then 
the structure containing the feature is 
released from the substrate by wet etch- 
ing (and consequent undercutting) of 
the substrate material. 

The present diamond-surface-micro- 
machining process is best described in 
terms of experiments in which it was first 
demonstrated. The starting substrates in 
the experiments w'ere mirror-smooth, 
(lOO)-oriented single-crystal silicon 
wafers that were, variously, p- or n-doped 
to a resistivity <20 fl-cm. The wafers 
were cleaned, then thermally oxidized 
to a depth of 1 to 1.5 micrometers. 

Each substrate was prepared for selec- 
tive deposition of diamond, following ei- 
ther procedure A or procedure B de- 
scribed below: 

Procedure A. To increase the density of 
nucleation sites for diamond and there- 
by make it possible to obtain a pinhole- 
free diamond deposit, the surface of the 
oxidized substrate was damaged by ultra- 
sonic agitation in methanol containing 
diamond particles. The ultrasonically 
damaged Si0 2 substrate surface was pho- 
tolithographically patterned. By use of a 
buffered oxide-etch solution, the wafer 


The figure presents a partial cross 
section of two poly(methvl methacry- 
late) (PMMA) tubes with machined 
ends butted and sealed together in a 
special coupling fixture. This coupling 


was partially chemically etched through 
the openings in the photoresist to re- 
move the damaged oxide surface layer 
and thereby define the areas where dia- 
mond was not to be deposited. The pho- 
toresist was then removed by commer- 
cial stripping solutions and the substrate 
cleaned in an oxygen plasma. 

Procedure B. The Si0 2 substrate surface 
was photolithographically patterned, 
then the substrate was hard-baked at a 
temperature of 150 to 200 °C. The sub- 
strate (with the photoresist still in place) 
was subjected to ultrasonic agitation in 
methanol containing diamond particles, 
so that the Si0 2 surface areas exposed 
through the holes in the photoresist 
mask would be damaged and would 
therefore become sites for deposition of 
diamond. Then the photoresist was 
stripped off and the substrate cleaned as 
in procedure A. 

Following procedure A or B, the sub- 
strate was cleaned, then placed in a 
chemical-vapor-deposition (CVD) cham- 
ber. Polycrystalline diamond was grown 
on the patterned and damaged Si0 2 ar- 
eas by CVD from a flowing mixture of 
methane and hydrogen, typically at a to- 
tal pressure of 45 torr (6 kPa) and a sub- 
strate temperature of 950 °C. 

The diamond-patterned substrate was 
cleaned in solvents. In a photolitho- 
graphic process, a new photoresist pat- 
tern was formed to define the portions 
of the substrate to be etched away from 
the diamond. Then by use of a buffered 
oxide-etch solution, the Si0 2 layer on 
the substrate was removed from under 
selected diamond-patterned areas, leav- 
ing diamond structures supported over 
airgaps (bridges and cantilevers). 

This work was done by Rajeshuni Rames- 
ham of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information , access 
the Technical Support Package (TSP) free orb 
line at www.nasatech.com under the Manu- 
facturing/Fabrication category. 

NPO-20529 


scheme, in conjunction with the care- 
ful selection of PMMA tubes to match 
inner diameters, ensures the precise 
alignment of the inner tube surfaces. 
The scheme was devised to satisfy a re- 
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Two Tubes Are Sealed at a butt joint and held in alignment by a special 
coupling fixture. 


quirement in a liquid-flow experiment to ensure a smooth, 
continuous inner tube surface to prevent both flow distur- 
bances and trapping of bubbles. If the inner diameters were 
not matched and/or the inner tube surfaces not aligned 
precisely, the junction between the tubes would feature 
small, sharp comers that could give rise to waves and could 
trap bubbles. 

The end surfaces of both tubes are machined flat and per- 
pendicular to the inner surfaces. Cylindrical alignment sur- 
faces referred to the inner surfaces are machined on the ad- 
jacent exterior end portions of the tubes. Facing halves of a 
seal groove are machined on the outer surfaces of the tubes 
at the butt joint. A retaining ring is placed in a groove on 
each tube at a short distance from the end. A male threaded 
collar is placed around one tube and a female threaded col- 
lar around the other tube, each collar covering and abutting 
the retaining ring on its respective tube. 

The tubes are butted together along with an alignment 
ring and with an O-ring placed in the seal groove. The align- 
ment ring is machined for a snug fit with the alignment sur- 
faces on the tubes, thereby ensuring the precise alignment of 
the inner tube surfaces with each other. The two collars are 
threaded together until the force on the retaining rings 
pushes the ends of the tubes together. At this point, the O- 
ring is squeezed tightly between the tubes and the alignment 
ring, forming a tight seal. 

In an alternauve coupling scheme (not shown in the fig- 
ure), the threaded collars are replaced by a combination of 
unthreaded collars and a two-piece ring clamp that engages 
the collars. The clamp features tapered surfaces that exert a 
longitudinal force to push the tubes together when the two 
halves of the clamp are bolted together. 

This work was done by Robert Mate of the University of Houston 
for Lewis Research Center. For further information , access the 
Technical Support Package (TSP) free on-line at www. 
nasatech.com under the Mechanics category. 

Inquiries concerning rights for the commercial use of this 
invention should be addressed to NASA Lewis Research Center, 
Commercial Technology Office , Attn: Steve Fedor, Mail Stop 
4-8, 21000 Brookpark Road, Cleveland, Ohio 44135. Refer to 
LEW-16255. 
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Wipers Based on Electroactive Polymeric Actuators 

Advantages are simplicity and light weight. 

NASA's Jet Propulsion Laboratory, Pasadena, California 


Wiping devices that exploit finger- 
like bending motions produced by 
electroactive polymeric (ionomeric) 
actuators are undergoing develop- 
ment. These wiping devices function 
similarly to conventional windshield 
wipers. However, unlike conventional 
windshield wipers, these devices con- 
tain no motors, gears, or drive link- 
ages; as a result, these devices are rela- 
tively simple, compact, and light- 
weight. Conceived for use in wiping 
dust off solar cells and windows of sci- 
entific instruments to be sent to ex- 
plore Mars, these wiping devices might 
be useful for similar purposes on 
Earth. 

A device of this type is denoted by 
the acronym “SWEP” (for surface wiper 
actuated by electroactive polymers). 
The only moving part in a SWEP is the 
wiper arm/actuator. This part is made 
from electroactive polymers; namely, 

(a) a membrane made of an ion-ex- 
change polymer sandwiched between 

(b) surface polymeric layers that con- 
tain or are coated with platinum and 
that serve as electrodes. When a small 
electric potential (typically a few volts) 
is applied to the electrodes, the sand- 
wich bends. Depending on the magni- 
tude of the applied voltage and the di- 
mensions of the arm, the angle of 
bending could exceed 180°. The direc- 
tion of bending depends on the polari- 
ty of the applied potential (see figure). 
Thus, one could make a wiper go back 
and forth across a surface, in the man- 
ner of a conventional windshield wiper, 
by applying an alternating voltage. 

Electroactive polymers (EAPs) exhib- 
it several characteristics that lend 
themselves well to SWEPs: 

• EAPs can be mass-produced at costs 
much lower than those of piezoelec- 
tric materials, in large part because 
unlike piezoelectric materials, EAPs 
need not be poled. 

• EAPs can readily be formed to de- 
sired sizes and shapes. 

• Physical characteristics of EAPs that 
are particularly well suited to actua- 
tion in SWEPs include high tough- 
ness, large electrostrictive strain, and 
inherent damping of vibrations. 
Another advantage of SWEPs is low 

power consumption. For example, the 
prototype unit shown in the figure op- 
erates with a drive power of 20 to 30 
mW. In a typical application, the fre- 
quency of the alternating driving volt- 
age w'ould be a fraction of a hertz; how- 
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ever, the frequency could be made 
higher if necessary', because the charac- 
teristic response time of a SWEP is of 
the order of milliseconds. 

Like a conventional windshield 
wiper, a SWEP for a typical practical ap- 
plication would preferably be con- 
structed as a wiper/actuator arm with a 


wiper blade or perhaps a brush at- 
tached. The shape, size, and material 
of the blade or brush could be chosen 
by design to minimize friction and en- 
sure effectiveness in cleaning. As in the 
case of a conventional windshield 
wiper, the wiping should be done at the 
minimum frequency that provides ef- 
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A Wiper Arm/Actuator Made of lonomeric Film bends when a voltage is applied across its thickness. The direction of bending depends on the polarity of 
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fective cleaning, in order to minimize 
scratching. 

This work was done by Yoseph Bar-Cohen 
and Tianji Xue of Caltech and Mohsen 


Shahinpoor of the Un iversity of New Mexico 

for NASA’s Jet Propulsion Laboratory. 

For further information , access the 
Technical Support Package (TSP) free on- 
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Inflatable Strakes for Forebody Vortex Control 

It is not necessary to allocate valuable forebody volume to strake-deployment mechanisms. 

Ames Research Center, Moffett Field, California 


Inflatable nose strakes have been in- 
vented to assist in controlling the di- 
rection of flight of an airplane, espe- 
cially a high-performance fighter-type 
airplane operating at a high angle of 
attack. In general, adjustments of the 
sizes, shapes, positions, and/or orienta- 
tions of nose strakes gives rise to varia- 
tions in forebody vordces and, conse- 
quently, to variations in aerodynamic 
forces. These variations can be used for 
flight control. Hinged, rigid nose 
strakes controlled by mechanical actua- 
tors via linkages have been investigated 
for use in forebody vortex control for 
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CROSS SECTION OF STRAKE 
WITH MEMBRANE NOT INFLATED 


CROSS SECTION OF STRAKE 
WITH MEMBRANE INFLATED 


Figure 1 . Inflatable Strakes on the right and left sides of the forebody provide additional degrees of 
flight control, beyond that of conventional flight-control surfaces. 
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Figure 2. The Inflatable Strakes Are Controlled by a lightweight, compact 
pneumatic system, instead of by mechanical actuators and linkages like 
those used to control rigid strakes. 

flight control, but they entail a significant disadvantage; the 
actuators and linkages occupy valuable forebody interior vol- 
ume that is needed for radar and other instrumentation. In 
contrast, inflatable nose strakes occupy much less forebody 
interior volume. 

Figure 1 depicts a typical fighter-type airplane at a high an- 
gle of attack, equipped with inflatable nose strakes. Each in- 
flatable forebody strake includes an inflatable elastic poly- 
meric membrane mounted in a shallow recess in the exteri- 
or skin of the forebody. The membrane is held in place by a 
clamping frame around the edge of the recess. A fluid cou- 
pling provides an opening into the volume enclosed by the 
membrane, for inflation or deflation of the membrane. 

When the strakes are not inflated, the outer surfaces of the 
membranes lie flush with the adjacent forebody surface. 
When either strake is inflated, the outer surface of the mem- 
brane protrudes into the airflow, affecting the forebody vor- 
tices. If the strake on the right or left side of the forebody is 
inflated, the effect on the vortices is such as to give rise to a 
net leftward or rightward force, thereby causing the airplane 
to yaw to the left or right, respectively. If the membranes on 
both sides are inflated equally, the net effect is to generate a 
longitudinal or a pitch control force. 

Figure 2 is a schematic diagram of the system for control- 
ling the inflatable strakes. Any suitable pressurized fluid can 
be used to inflate the membranes; ordinarily, the preferred 
fluid is air because it can be handled easily, using equipment 
that adds little to the overall weight of the airplane. The pres- 
surized air can be obtained via a tap from the airplane en- 
gine or from a separate compressor. A valve directs the flow 
of the pressurized fluid to neither, either, or both strakes. 
The pilot controls the valve through the airplane flight- 
control system. 

This work was don e by Peter T. Zell oj Ames Research Center. For 
further information , access the Technical Support Package (TSP) free 
on-line at www.nasatech.com under the Mechanics category. 

This invention has been patented by NASA (U.S. Patent No. 
5,326,050). Inquiries concerning nonexclusive or exclusive license for 
its commercial deiielopment should be addressed to the Patent Counsel, 
Ames Research Center, ( 650-604-5104 ). Refer to ARC- 1 1979. 
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5 Magnetic Random-Access Memories 

Advantages include unlimited cyclability and radiation hardness. 

NASA s Jet Propulsion Laboratory, Pasadena, California 



Figure 1. A MagRAM is an array of bistable magnetic memory elements within a matrix of semicon- 
ductor electronic circuitry that provides amplification, latching, and addressing. 


A Magnetic Random-Access Memory 
(MagRAM) is an array of bistable mag- 
netic memory elements with semicon- 
ductor amplifier and addressing cir- 
cuitry. MagRAMs are in the early stages 
of development, which has been moti- 
vated by a need for nonvolatile memo- 
ries with high densities and unlimited cy- 
clability — a combination of properties 
that has not been achieved in non- 
volatile electronic RAMs. In principle, 
the magnetic memory elements in Mag- 
RAMs can be made free of fatigue and 
thus capable of unlimited cyclability. 
Magnetic memory elements provide sig- 
nals of reasonable magnitude that can 
be amplified by semiconductor elec- 
tronic circuits, and offer the additional 
advantage of radiation hardness. 

In a MagRAM, data is stored in the 
magnetic states of the magnetic memory 
elements, which are hysteretic. The data 
is read from these elements by using the 
magnetoresistive effect to sense their 
magnetization states. Figure 1 is a sim- 
plified schematic diagram of a 16-bit 
MagRAM. A designated bit element is 
addressed, for reading or writing, by the 
application of appropriate currents to 
the word-line (row) conductors and 
sensing-line (column) conductors that 
intersect at that element. The current in 
the word-line conductor generates the 
magnetic field to write a bit in the desig- 
nated element. A bit (0 or 1) is written 
in an element by applying a sensing cur- 
rent 4t together with a writing word cur- 
rent -Av for a 0 or +Av for 1. Nonde- 
structive readout of the bit is effected by 
applying 7 S with (a) a word current -7 R 
followed by (b) a word current +/ R 


(/ R </w). During readout, the analog 
sensing amplifier and latch act together 
to convert the change in voltage on the 
sensing line to a bit. The currents 7 Wf 7 S , 
and 7 r are chosen according to the hys- 
teretic and magnetoresistive properties 
and the need to prevent spurious writing 
in inactive cells crossed by active word- 
line conductors. 

A low-density 16-bit prototype Mag- 
RAM based on the concept is illustrated 


in Figure 2. This assembly is made from 
discrete subsystems in the sense that the 
functional blocks indicated in Figure 1 
are implemented by means of intercon- 
necting separate integrated-circuit 
chips. Subsequent development efforts 
are expected to lead to the integration 
of all magnetic and electronic MagRAM 
components onto a single chip that 
would feature high memory density and 
low power consumption. 
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Figure 2. This Prototype 16-Bit MagRAM and Display Unit contains discrete integrated-circuit chips 
that would be combined into a single chip in an advanced production version. 


This work was done by Romney Katti and 
Brent Blaes of Caltech for NASA’s Jet Propul- 
sion Laboratory. For further information , 
access the Technical Support Package (TSP) 
free on-line at www.nasatedi.com under the 
Electronic Components and Circuits category. 

In accordance with Public Law 96-517 , 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to: 


Technology Reporting Office 

JPL 

Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena , CA 91109 
(818) 354-2240 

Refer to NPO-20131 , volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


© Novel Full-Color Cathode Ray Tube for 
Miniature-Display Applications 

Piezoelectric-actuator-controlled, movable-screen, single- 
electron-gun design enables miniaturization of high-resolution, 
high-brightness, full-color CRTs for small-display applications. 

NASA Lewis Research Center, Cleveland, Ohio 


A novel cathode ray tube (CRT), 
using a single electron gun and a mov- 
able screen, has been developed that 
now enables miniaturization of a full- 
color CRT with the same excellent view- 
ing quality customarily found in larger- 
screen CRTs. In addition to the benefits 
of wide viewing angle, high resolution, 
high brighuiess, color purity, and full 
gray-scale features that are characteris- 
tic of CRTs, the need for only one elec- 
tron gun is expected to also result in re- 
duced power consumption and lower 
cost. The movable-screen design, a sig- 
nificant improvement over the earlier 
moving-shadow-mask version ( 1 ) , is con- 
sidered feasible for CRTs ranging in size 
from less than 1 in. (2.5 cm) to greater 
than 5 in. (12.7 cm). A unique and 
highly advantageous feature of the im- 
proved design, which is described in 
greater detail below, is the elimination 
of spatial offset of the color pixels. One 
obvious application with great commer- 


cial potential is in helmet-or head- 
mounted displays for a wide variety of 
virtual-reality systems. Other applica- 
tions include portable or hand-held de- 
vices where compactness, low power, 
high resolution, and high brightness are 
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desirable or advantageous, such as TVs, 
monitors for VCRs, and viewfinders for 
camcorders, especially for outdoor use. 

The conventional CRT uses three 
electron guns, one for each primary 
color (red, green, blue), plus a station- 
ary slotted or otherwise perforated 
shadow mask aligned with the color 
phosphors on the glass screen. The geo- 
metrical relationship between the mask 
and the guns is designed so that the 
electron beam from each gun impinges 
on only the phosphor dots of the de- 
sired primary color. Accurate alignment 
of the guns, shadow masks, and phos- 
phors is critical to the purity of the pri- 
mary colors and resolution of the dis- 
play. Achieving the beam convergence 
and registration required for high reso- 
lution becomes extremely difficult for 
a miniature full-color CRT with three 
electron guns and is, therefore, com- 
mercially impracticable. Other single- 
electron-gun designs, such as the beam 
index tube and color shutter tube, lack 
either the high resolution or high 
brightness desirable for most miniature- 
display applications. By default, the 
miniature color display market is 
presently dominated by flat-panel dis- 
plays (FPDs), the most common of 
which is the active matrix liquid crystal 
display (AMLCD). This and all other 
miniature FPDs, either presendy on the 
market or under development, have 
one or more of the following drawbacks: 
poor resolution (graininess), low bright- 
ness, narrow viewing angle, high cost, or 
high power consumption. The minia- 
ture full-color CRT described here has 
none of these drawbacks. 

A simplified representation of the 
electron beam — slotted shadow mask 
— movable screen region is shown in 
the figure. In contrast to the earlier ver- 


sion (1), the shadow mask remains sta- 
tionary and the moving part is a thin 
inner glass sheet that contains the par- 
allel red-green-blue phosphor stripes 
and is mounted on piezoelectric actua- 
tors for precisely controlled movement. 
To write a given primary color, the elec- 
tron gun is activated at the beam inten- 
sity needed to obtain the desired bright- 
ness. At the same time, the piezoelectric 
actuators are energized to align the 
phosphor stripes of that color with the 
slots in the shadow mask and also mask 
the other two colors with the solid por- 
tion. The entire color field is written be- 
fore the screen is moved to uncover the 
next color. Full color is achieved by 
overlaying the three-color fields in 
time. In the improved movable screen 
version, the moving element is much 
lighter; thus shortening the hold-off 
time between color changes to less than 
140 ms. If the mask is not perfecdy 
aligned with the phosphor stripes dur- 
ing assembly of the CRT, it can be ac- 
complished electronically during moni- 
tor calibration by applying dc-ofTset 
voltages to the piezoelectric actuators. 
The capability for electronic alignment 
is an important feature that offers not 
only the possibility of greater color pu- 
rity and brightness, but also lower man- 
ufacturing cost by reducing the elabo- 
rate jigging required for alignment 
during assembly of the conventional 
shadow mask CRT. Having the light- 
emitting element — the screen — moving 
is a great advantage because the color 
pixels have no spatial offset as seen by 
the viewer. Up close, the viewer sees one 
composite color dot, not three primary 
color dots that the eye must then at- 
tempt to integrate. Except for the color 
shutter tube, which is seriously lacking 
in brightness, this feature is not found 


on other displays including conven- 
tional CRT’s, AMLCDs, and FEDs (fuel- 
emission displays). It is particularly 
important where close-in viewing is 
necessary, such as in helmet-mounted 
displays. 

A further improvement contributing 
to lower cost is assembly of the mask 
and actuator components on a laser-cut, 
multilayer ceramic stack with printed- 
circuit elements to power the piezoelec- 
tric actuators. The ceramic stack is part 
of the vacuum envelope wall and leads 
to lower part count, less complexity, and 
better alignment and rigidity. 

By providing the means to rapidly 
move objects in vacuum with ampli- 
tudes up to 0.015 in. (0.38 mm) also the 
capability to withstand temperatures up 
to 450 °C, this work advances the state 
of piezoelectric technology. It is ex- 
pected to find application in other 
areas, such as sensors and MEM (micro 
electromechanical) devices. 

(1) B.K. Vancil and E.G. Wintucky, 
Ultra-high Resolution Miniature Color CRT 
for Virtual-Reality Applications , Proceed- 
ings of 5th National Technology Trans- 
fer Conference (Technology 2004), Vol. 
2, NASA Conference Publication 3313, 
1994. 

This work was done by Bernard K. Vancil 
of FDE Associates for Lewis Research Cen- 
ter. For further information, access the Tech- 
nical Support Package (TSP) free on-line 
at www.nasatech.com under the Electronic 
Components and Circuits category . 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to NASA Lewis Research Center, 
Commercial Technology Office , Attn: Tech 
Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Road, Cleveland, Ohio 44135. 
Refer to LEW-16187. 
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© Surface-Plasmon Reflective Flat-Panel Color Displays 

These displays would be readable in ambient light. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 


Reflective flat-panel color display de- 
vices based on surface plasmons are un- 
dergoing development. Heretofore, no 
reflecuve flat-panel color display devices 
have been available. The active matrix 
liquid-crystal devices now used to pro- 
vide flat-panel color displays must be lit 
internally, are power-hungry (typically 
consuming about 80 percent of the 
power of a laptop computer), and can- 
not be read in bright ambient light. In 
contrast, the surface-plasmon display de- 
vices would be operated without internal 
lighting, would consume much less 
power, and would be readable in bright 
ambient light (including sunlight). 

This development is based on voltage- 
induced color-selective absorption of 
light in surface plasmons: When a 
surface-plasmon wave is excited at a 
metal /liquid-crystal interface, the ab- 
sorption spectrum of surface-plasmon 
resonance can be shifted across the visi- 
ble range by altering a voltage applied to 
the liquid crystal. This effect can be ex- 
ploited to make a tunable notch filter — 
more specifically, a filter that absorbs 



Figure 1. A Surface-Plasmon Optoelectronic Device of this general configuration would exhibit the 
desired voltage-tunable notch-filter characteristic, according to theoretical calculations. 
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most of the incident light in a voltage-ad- 
justable wavelength range (the “notch”) 
and reflects most of the incident light 
outside that range. If incident white 
light can be reflected from two tunable 
notch filters in succession and if the ab- 
sorption wavelength range of each filter 
can be made to span about 2/3 of the 
visible spectrum, then by suitable choice 
of the notch wavelengths, the resulting 
display can be made to appear black 
(most of the incident light absorbed), 
white (most of the incident light re- 
flected), or any primary color at a selec- 
table level of brightness. 

The problem then becomes one of 
how to implement a voltage-tunable 
notch filter and to combine a number of 
such filters into an array of pixels to con- 
struct a flat-panel display device. Figure 
1 illustrates such a filter, which includes 
two high-index-of-refraction prisms for 
coupling, plus four silver films inter- 
spersed with three liquid-crystal layers. 
Surface-plasmon waves are excited at the 
six liquid-crystal/ metal-film interfaces, 
and the layers are made sufficiently thin 
that the surface-plasmon waves are cou- 
pled together. When a voltage is applied 
between the two outermost silver films, 
the device acts electrically like three ca- 
pacitors in series, and the electric field 
affects the indices of refraction of the 
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High-Index-of-Refraction 
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Figure 2. A Reflective Flat-Panel Color Display Device would contain two surface-plasmon notch 
filters, similar to that shown in Figure 1, in each pixel. 


liquid-crystal layers, causing a wave- 
length shift of the absorption spectrum. 
A theoretical calculation shows that this 
filter would exhibit the desired notch 
characteristic, that with no voltage ap- 
plied, it would absorb primarily in blue- 


green light, and that its absorption wave- 
length region could be shifted to red or 
beyond by applying increasing voltage. 

Figure 2 shows part of a proposed flat- 
panel display device, wherein each pixel 
would contain two notch filters. The 


prisms — now microscopic to fit the pix- 
els — would be molded into sheets of 
high-index-of-refraction plastic. A polar- 
izer sheet would be mounted on the 
front surface to select p-polarized light. 
After polarization, the incident light 
would be reflected from one notch filter, 
then from the other notch filter. By 
choice of the voltages applied to the two 
notch filters in each pixel, one could ob- 
tain a desired color combination as de- 
scribed above. 

This work was done by Yu Wang of Caltech 
for NASA’s Jet Propulsion Laboratory. 

For further information, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Electronic 
Components and Circuits category. 

In accordance with Public Law 96-517 , 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to 
Technology Reporting Office 

JPL 

Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-20244, volume and number 
of this NASA Tech Briefs issue , and the 
page number. 
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® Metal/Dielectric-Film Interference Color Filters 


These filters could be fabricated at relatively low cost. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Color interference filters for indi- 
vidual pixels in solid-state electronic 
image and display devices would be 
made of thin metal and dielectric 
films, according to a proposal. The 
proposed filters would overcome the 
primary disadvantage (high cost) of 
dye color filters like those used in liq- 
uid-crystal display devices, digital cam- 
eras, and camcorders. The proposed 
filters would also offer advantages of 
cost and functionality over color inter- 
ference filters made of alternating di- 
electric layers with different indices of 
refraction. 

The all-dielectric filters are expen- 
sive because of the need for large 
numbers of layers to obtain adequate 
discrimination among red, green, and 
blue (RGB). The proposed filters 
would provide adequate color discrim- 
ination with acceptably broad-band re- 
sponse (pass wavelength bands about 
100 nm wide). The proposed filters 
would be relatively inexpensive be- 
cause they would contain fewer layers 
— typically no more than five layers, 
and only two layers need to have dif- 
ferent thickness for RGB colors, which 
means it only needs to be masked 2 x 
(3-1) = 4, as contrasted with more 
than 10 layers for an all-dielectric fil- 
ter, and needs to be masked 10 x (3 - 
1 ) = 20 . 

Figure 1 shows aspects of a proposed 
five-layer metal/dielectric filter con- 
taining three layers of silver alternating 
with two layers of magnesium fluoride. 
The table in the figure shows the film 
thicknesses needed to make the filter 
transmit each of the three primary col- 
ors. The corresponding silver layers for 
all three color filters could be of the 
same thicknesses; only the magnesium 
fluoride layers would differ in thick- 
ness among the three colors. The total 
number of distinct layer thicknesses is 
only five, three for silver and two for 
magnesium fluoride. 

Because of the small number of thick- 
nesses, patterning and other aspects of 
the fabrication of a device with three pri- 
mary-color filters in each pixel (see Fig- 
ure 2) would be relatively easy. The 
metal patterns could be formed in the 
presence of photoresist masks temporar- 
ily substituting for the magnesium fluo- 
ride films. The optical thickness of each 
photoresist mask would be made equal 
to that of the magnesium fluoride film 
to be subsequently deposited in its place. 
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Figure 1. A Broad-Band-Pass Interference Filter to pass one of the primary colors could be made of 
three thin layers of silver interspersed with two of magnesium fluoride. 
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Figure 2. Filters for All Three Primary Colors could be fabricated within each pixel of a display or 
image device, by use of established deposition and photoresist patterning techniques. 


Because it is relatively easy to control 
the thickness of a photoresist mask, fab- 
rication should be relatively simple and 
inexpensive. 

This work was done by Yu Wang of Caltech 
for NASA’s Jet Propulsion Laboratory. 
For further information, access the Techni- 
cal Support Package (TSP) free on-line at 
www.nasatech.com under the Physical Sci- 
ences category. 

In accordance xvith Public Law 96-517 , 
the contractor has elected to retain title to this 


The Desktop Satellite Data Processor 
(DSDP) is a prototype computer system 
for processing telemetry data received 
from, and command data to be trans- 
mitted to, a spacecraft in orbit around 
the Earth (see figure). The design of 
the system utilizes very-large-scale inte- 
grated (VLSI) application-specific inte- 
grated circuits (ASICs), parallel com- 
puter architectures, and pipelined data 
processing. Advanced software and a 
high level of integration of hardware 
and software components are expected 
to make a fully developed version of the 
system fit into a desktop-sized package 
at relatively low cost; the fully devel- 
oped system is expected to be less than 
one-fourth as large as an equally capa- 
ble system made entirely from commer- 
cial off-the-shelf (COTS) components. 


invention. Inquiries concerning rights for its 
commercial use should be addressed to 
Technology Reporting Office 

JPL 

Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-20217, volume and num- 
ber of this NASA Tech Briefs issue, and 
the page number. 


The DSDP contains ASIC compo- 
nents that perform frame synchroni- 
zation, Reed-Solomon decoding, and 
other standard telemetric processing 
functions (e.g., sorting and annotation 
of data packets) that are denoted gener- 
ally as “service processing” and are per- 
formed according to recommendations 
of the Consultative Committee for Space 
Data Systems (CCSDS). The ASIC com- 
ponents are integrated onto custom- 
designed, highly reusable circuit cards 
based on the industry-standard periph- 
eral component interconnect (PCI) bus. 
By high-level integration of the teleme- 
try-processing functions into VLSI chips 
and cards, the design of the system af- 
fords high performance and high relia- 
bility- and, relative to older telemetry sys- 
tems, low cost. 


Marketplace 

To Advertise — Call (212) 490-399S 


NQIHXMnMTSPttUSEttSOR 

Doppler Radar Technology 

• Small 

• Accurate 

• Inexpensive 

• 12 Vdc Power 

• Pulse Output 
For More Information Circle No. 580 

DATA ACQU ISITION 

• Rugged (up to 100 g) 

• Portable 

• Real Time Display 

• 12.8 kHz/Channel 

• Fully Programmable 

Options: 

Submersible Case * RF Telemetry - Multiplexing 

For More Information Circle No. 581 

GMH ENGINEERING 
336 Mountain Way Dr., Orem, Ut 84058 
(801) 225*8970 Web Site: www.gmheng.com 


Meadowlark 
Optics' 
Achromatic 
Waveplates 

Our Achromatic 
Retarders are de- 
signed to pro- 
vide a retardance accuracy- of A./ 100 over a 
broad spectral range (several hundred 
nanometers). Better field of view than 
quartz, and available in quarter and half 
wave at a variety- of broadband ranges. Pre- 
cision made by highly skilled technicians, 
these Achromats hold to tight specifications 

I to provide the quality you need. Call or 
e-mail for a free catalog. 

Contact Information: 

Meadowlark Optics, 5964 Iris Parkway , 

Frederick, CO 80530; Tel: 303-833-4333; 
e-mail sales@meadowlark.com. 

For More Information Circle No. 582 


New! 

Solar System T-Shirt 



Dramatic full-color illustration on high-quality 
black cotton shirt. Available while supplies 
last in children's sizes 2-4, 6-8, 10-12, or 14-16; 
adult sizes M, L. XL. or XXL $15.95 each. 
$15.95 U.S. plus $5.00 shipping and handling. 
Mail payment to: NASA Tech Briefs. Dept F 
317 Madison Ave . New York. NY 10017 U.S.A. 

For credit card orders call (212) 490-3999 


Desktop Computer System Processes 
Satellite Data 

This system is reconfigurable, easy to use, compact, and 
relatively inexpensive. 

Goddard Space Flight Center, Greenbelt, Maryland 





NASA Tech Briefs, February 1999 


www.nasatech.com 


71 






The DSDP Acts as an Earth/Satellite Gateway that communicates with other terrestrial computer systems (from which commands are received and to which 
telemetry data are delivered) via standard commercial computer-network interfaces. 
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The DSDP hardware comprises several custom-designed 
PCI-bus modules containing the ASIC circuit cards plus 
COTS components. The functions of the modules, ASICs, 
and COTS components are integrated by use of the DSDP 
control software, which provides a generic environment for 
controlling and monitoring diverse hardware components 
within a system. 

The DSDP control software is a distributed, modular, plat- 
form- (operating-system)-independent, highly reconfig- 
urable, reusable, software system that facilitates customiza- 
tion by and for users and is easily modifiable to support 
system upgrades and new system components. It affords a 
general-purpose capability for displaying data and creating 
graphical user interfaces for controlling and monitoring 
systems. The graphical user interfaces are easy to use (and 
highly automated) making it possible for a nonspecialist to 
configure and operate the system. The software also includes 
tools for planning and scheduling operations, and for the 
management, processing, generation, and assurance of the 
quality of, scientific data products. These characteristics 
make the DSDP control software attractive for other applica- 
tions that involve scheduling, planning, and the distribution 
of data; examples include medical, banking, stock-exchange, 
and automotive-producdon applications. 

This work was done by Barbie Brown , Parminder Ghuman, Jere- 
mey Jones , Johnny Medina, and Greg Schmidt of Goddard Space 
Flight Center; Tom Brooks, Lisa Koons, and Randy Wilke of Cen- 
tury Computing Inc.; John Stachniewiczs and Keith Wichmann of 
GSCtfT; and Daryl Halliday of Visix. For further information, access 
the Technical Support Package (TSP) free on-line at unomnasatech. 
com under the Electronic Systems category. GSC-14036 
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Panasonic Medical 8c 
Industrial Video, Se- 
caucus, NJ, has intro- 
duced the PanaFlat TX- 
D5L31FM LCD and CT- 
1386YWD1 CRT color 
monitors. The LCD 
monitor features a 15" 
liquid crystal anti-glare 
display with a pixel 
pitch of 0.297 mm and 
a maximum resolution 
of 1024 x 768 lines. The 


display can be detached from its stand and hung on a wall for 
increased space efficiency. The monitor also features Windows 95/98 
Plug and Play functions. 

The CRT model is a 13” monitor with three video (BNC) and audio 
(RCA) inputs/outputs for connection to a variety of sources, plus an 
S-Video input. A comb filter and notch filter are included for image 
clarity. 


Teknor Industrial Com- 
puters, Boisbriand, Quebec, 
Canada, offers the TEK- 
C PC I- 1004 industrial Com- 
pactPCI single-board com- 
puter, which features a 
Pentium processor and 
uses an ALI Aladin V chip 
set. The computer sup- 
ports Socket 7 and Super 7 
Pentium processors at 133 
and 166 MHz, and Pentium processors with MMX technology at 200 
and 233 MHz. It also supports a front-side bus of up to 100 MHz. 

The board comes in two form factors: 6U single slot and 6U dual 
slot. The standard configuration includes a built-in EIDE disk inter- 
face, which supports up to four hard disks; onboard Ultra Fast/Wide 
SCSI 3 controller; two onboard PCI 10/100 Base TX Ethernet con- 
trollers; a PCI-to-PCI bridge; and standard I/O devices such as serial, 
parallel, keyboard, mouse, and two USB ports. 



For More Information Circle No. 731 


The DSU-100 two-port 
serial PCI adapter from 
Quatech, Akron, OH, is a 
two-channel asynchro- 
nous serial USB periph- 
eral providing two inde- 
pendent, high-speed RS- 
232 ports. It is compati- 
ble with USB specifica- 
tion 1.1, and supports 
modems, printers, scan- 
ners, barcode readers, 
touchscreens, plotters, 
ISDN terminal adapters, 
and other standard serial devices. It is supported under Windows 98. 

It comes standard with two independent 16550 UARTs containing 
16-byte FIFOs. The FIFOs, with the FIFOs in the USB microcon- 
troller, buffer received and transmitted data. The adapter is bus pow- 
ered, eliminating the need for an external power supply. All devices 
are hot-swappable. 

For More Information Circle No. 729 


CTI Electronics, 
Stratford, CT, has 
introduced a family 
of rackmount key- 
boards that are 
compatible with all 
popular comput- 
ers. Available in 
1.75" (1U) or 3.5" 
(2U) panel heights, 
the keyboards fea- 
ture built-in trackball pointers for their respective panel heights. 
Trackball diameters are 1.5" for the 1U and 2" for the 2U panel 
heights. The keyboards also feature a patented, fold-down panel that 
provides a hand rest for the operator. 

The keyboard frame and mounting plate are made of heavy-gauge 
aluminum. Both assemblies fit a standard 19" rack and are available 
with or without the trackball. The 2U height keyboards feature 104 
keys; the 1U feature 87 keys. The trackballs are protected against 
dust, dirt, and water. 

For More Information Circle No. 728 


For More Information Circle No. 726 


The Model CP8000 Com- 
pactPCI rackmount enclo- 
sure from SBS Technologies, 
Vista, CA, features hot-swap- 
pable power supplies and 
fans. The 9U high enclosure 
comes standard with an 8- 
slot CompactPCI backplane 
for 6U cards, and can accept 
special telephony back- 
planes. It also accepts a vari- 
ety of plug-in CompactPCI 
CPU cards from the PowerPC to the Pentium II processor. 

Dual hot-swappable power supplies allow the system to continue 
operation if one of the supplies malfunctions. Three 5.25" or 3.5" 
front-accessible, horizontal shock-mounted drive bays are located 
behind the front panel door. Positive pressure cooling is provided by 
three 4.7" hot-swappable ball bearing fans located below the card 
cage. The all-steel enclosure provides EMI/RFI shielding and line 
transient protection. 

For More Information Circle No. 727 


MiTAC Industrial Corp., 
Fremont, CA, offers the 
MSC-348 ruggedized 
single-board computer, 
a half-length ISA bus 
card that features the 
AMD 5x86 133 CPU, 
one PC/ 104 expansion 
connector, onboard VGA 
chip set, enhanced IDE 
and FDD controllers, 
and dual serial ports 
configured as RS-232 or RS-232/422. It has an SSD socket that sup- 
ports Disk-on-Chip up to 72 MB, providing a small hard disk substi- 
tute on the SBC. 

Other standard features include a 128 KB pipelined burst SRM L2 
cache; two 72-pin SIMM sockets; internal buzzer and external speak- 
er connection; and a 16-level watchdog timer. The VGA interface sup- 
ports both CRT and LCD displays simultaneously, including STN, 
TFT, and EL panel modes. 

For More Information Circle No. 730 
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PRECISION 
ALUMINUM 
EXTRUSIONS 

New! An informative 
brochure from MIN* 
ALEX, leader in 
close tolerance 
shapes to 3 1/2", 
illustrates typical 
applications and de- 
scribes capabilities 
including short 
runs. MINALEX, 
quality leader, delivers on time, every time. 
MINALEX. PO Box 247, Whitehouse Station, NJ 
08889; Tel: 908-534-4044; Fax: 908-534-6788. 

Minalex 

For More Information Circle No. 644 


FIBRE CHANNEL 
COMMUNICATIONS 

The FibreXpress® Network 
and Simplex Link 1 * System 
are designed to maximize the 
high-speed connection capa- 
bilities of Fibre Channel. With 
sustained data rates up to 105 
MB /sec, the FibreXpress 
Network is the ideal connec- 
tion solution for all types of high-throughput imag- 
ing and DSP applications. Ask for your FREE copy 
of our updated, 62-page Fibre Channel Technical 
Overview*! Systran Corp.; 4126 Linden Ave., Davton, 
OH, 45432; Sales: 800-252-5601; Tel: 937-252-5601; 
Fax: 937-258-2729; e-mail: info@systran.com; 
www. systran.com 

Systran Corporation 

For More Information Circle No. 645 



The National Instruments 
1999 catalogue features 
hundreds of software and hardware products for your 
computer-based measurement and automation appli- 
cations. New products include additions to our modu- 
lar CompactPCI (PXI) platform, new computer-based 
instruments, and the latest versions of our instrumen- 
tation and automation software, such as LabVIEW. Call 
for a FREE 1999 Catalogue! National Instruments; 
Tel: 512-794-0100; (800) 433-3488; Fax: 512-683-8411; 
e-mail: info@natinst.com; www.natinst.com 

National Instruments 

For More Information Circle No. 646 


Hiram Jones Elec- 
tronics. Inc. /A Di- 
vision of the Sea- 
strom Hardware 
Group manufac- 
tures a complete 
line of standard 
miniature and sub- 
miniature terminals 
including: insulated 
test jacks, assembled 
standoffs and press- 
type terminals. All 
standard catalog 
items are available 
for immediate pricing and delivery. Call today for 
your free 27-page catalog: 800-634-2356. 

Hiram Jones Electronics, Inc. 

For More Information Circle No. 647 




SEASTROM 
MACHINING 
DIVISION 
EXPANDS 

Seastrom Machining Di- 
vision has expanded their capabilities to include 
short- to long-run machined products utilizing Swiss 
Sc automatic screw machines, CNC lathes, and CNC 
vertical milling 4-axis. Seastrom is capable of turn- 
ing precision metallic and non-metallic products 
from .010" to 1.000" diameters on production screw- 
machine equipment; from 1" to 14" diameters on 
production CNC lathe equipment; and up to 20" x 
40" production 4-axis vertical millwork. Seastrom 
Mfg. Co., Inc.; Tel: 800^34-2356; Fax: 208-734-7222; 
e-mail: seaeng@micron.net 

Seastrom Mfg. Co. Inc. 

For More Information Circle No. 648 



LABVIEW 5.1 

National Instru- 
ments’ LabMEW™ 
5.1 features more 
than 100 built-in 
advanced mathe- 
matics routines, 
including ordi- 
nary differential- 
equation solvers, root solvers, optimization func- 
tions. and more for users who want to use native 
LabVIEW mathematical algorithms. National 
Instruments; Tel: 512-794-0100; 800-433-3488; 
Fax: 512-683-8411; e-mail: info@natinst.com; 
www.natinst.com 


National Instruments 


For More Information Circle No. 649 



NEW INSTRUMENT 
AND DATA 
ACQUISITION 
CATALOG 

Keithley Instruments offers its 
new- 1999 Full Line Catalog 
and Reference Guide with 
over 700 pages of electronic 
test and measurement instrumentation and data acquisi- 
tion hardware and software, including DMMS, electrom- 
eters, precision sources, voltmeters, and other products. 
.Also included are PCI. ISA, PCMCIA, and IEEE boards 
with an array of software. This valuable reference guide 
features application examples, selector guides, and com- 
plete product specifications. Keithlev Instruments, Inc., 
28775 .Aurora Rd.. Cleveland, OH 44139; Tel: 888-534- 
8453; Fax: 440-248-6168; www.keithley.com 

Keithley Instruments, Inc. 

For More Information Circle No. 650 



METALS AND 
MATERIALS FOR 
PRODUCT 
DESIGN 

More than 48,000 items 
are available in small 
quantities, ready for 
immediate shipment 
worldwide. Included are pure metals, alloys, poly- 
mers, ceramics, and composites. Details, including 
complete technical information, can be found in 
the comprehensive Goodfellow catalog available in 
print or on the Web at www.goodfellow.com. 48- 
hour delivery. Custom services available. 
Goodfellow Corporation; 800 Lancaster Ave.; 
Berwyn, PA 19312-1780; 1-800-821-2870 

Goodfellow Corporation 

For More Information Circle No. 651 


THE SOURCE 
FOR 

ELECTRONIC & 
MECHANICAL 
HARDWARE 

Seastrom takes pride 
in offering one of the 
widest selections of 
standard electronic 
and assembly hard- 
ware available from 
stock. Seastrom ’s 66-A 
Catalog provides a complete source for over 
45,000 products. For a free 550-page catalog, call 
800-634-2356. 

Seastrom Manufacturing Co. Inc. 

For More Information Circle No. 652 



ALL-NEW DEMO IN 
LATEST VIDEO/CD 

Learn more about Algor’s 
Mechanical Event Simulation 
(MES) software with this free 
video.See a new impact force 
demo, and other real-world 
experiments as compared 
to results from Algor’s 
Accupak/VE MES for Virtual 
Prototyping with Linear and Nonlinear Stress 
Analysis software. CD includes a version of .Algor’s 
web site with software you can try. Address: 
150 Beta Dr., Pittsburgh, PA 15238; Tel: +1 (412) 
967-2700; Fax: +1 (412) 967-2781; info@algor.com; 
www.algor.com 

Algor, Inc 

For More Information Circle No. 653 
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LATEST BOOK 
TEACHES 
NONLINEAR 
FEA & 

MECHANICAL 

EVENT 

SIMULATION 

Linear and Nonlinear 
Finite Element Analysis in 
Engineering Practice 



explores nonlinear and linear theory. Finite Element 
Modeling in Engineering Practice is the industry stan- 
dard for linear analysis. CD-ROM has search engine 
and color graphics. Address: 150 Beta Dr., 
Pittsburgh, PA 15238. 

APD 

For More Information Circle No. 654 


DOWNLOAD 
ALGOR'S RELEASE 
12 FEA LIMITED- 
TIME TRIAL 
SOFTWARE FROM 
WWW.ALGOR.COM 

Algor’s Release 12 software 
features an all-new single 
user interface with live data checking to prevent 
input errors during a finite element analysis, 
improved data input screens, seamless GAD interfac- 
ing, global units system, material properties manage- 
ment svstem. database support and more. .Address: 
150 Beta Dr.. Pittsburgh. PA 15238; +1 (412) 967- 
2700; info@algor.com; or Fax +1 (412) 967-2781 

Algor, Inc 

For More Information Circle No. 655 
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VIBRATION 
ISOLATION & IMPACT 
ABSORPTION 

New, full-color brochure describes 
the dynamic properties of Sorbo- 
thanc, the unique vibration isolation 
and impact absorption material. New test data details 
the damping properties of Sorbo thane compared to 
other elastomers. Sorbo thane is a patented visco-elas- 
tic polymer. Includes information on Sorbo thane’s 
new line of advanced vibration isolation/shock 
absorption products, as well as applications engineer- 
ing, manufacturing capabilities, and the many appli- 
cations for Sorbo thane. Sorbo thane, Inc.; Tel: 330- 
678-9444; Fax: 330-678-1303; e-mail: webmaster® 
www.sorbothane.com; http://wwwjorbothane.com 

Sorbothane, Inc. 

For More Information Circle No. 6S6 


VACUUM CLEAN- 
ING SYSTEMS 

This new, six-page brochure 
features Xilfisk's full line of 
industrial vacuum cleaning 
equipment, including: con- 
tinuous-duty and wet/dry 
vacuums; vacuum-assisted 
power tools; and specialty 
products such as explosion- 
proof, compressed air, and mercury vacuum clean- 
ers. Highlights include product application photos, 
and illustrations of the three filtration systems avail- 
able. Nilfisk-Advance America, Inc., 300 Technology 
Dr. Malvern, PA 19355; Tel: 610*47-6420; Fax: 610- 
647-6427; www.pa.nilfuk-advance.com 

Nilfisk-Advance America, Inc. 

For More Information Circle No. 657 



1999 PRECISION 
OPTICS CATALOG 

Edmund Scientific*’ new 
1999 catalog features hun- 
dreds of technical solu- 
tions from our extensive 
inventory of precision 
optics, machine-vision 
products, and optical com- 
ponents. All off-the-shelf 
precision optics and opti- 
cal instruments are available in prototype and OEM 
manufacturing/ production quantities. Edmund 
Scientific Co.; Industrial Optics Division, Dept. B991 
N954; 101 E. Gloucester Pike; Barrington, NJ 08007; 
Tel: 609-573*250; Fax: 609-573*295; www.edsci.com 

Edmund Scientific 

For Mora Information Circla No. 658 



VAST VARIETY OF 
KNOBS AND 
HANDLES 


#■ 


I DIMCOGRAY™'* new cata- 
| log features a wide variety of 
knobs and handles in ther- 
moset, thermoplastic, and 
Dimco-Grip™ — "the ulti- 
mate finishing touch"™ for 
molded parts and products. 
The catalog includes actual-size photos of our stock 
products. START working with an owner, contact: 
DIMCO-GRAY Co.; 8200 S. Suburban Rd.; 
Centerville, OH 45458-2709; Tel: 937-433-7600; Fax: 
937-433-0520; Toll-Free: 800-876-8353; e-mail: 
salesOdimco-gray.com; www.dimco-gray.com 

DIMCO-GRAY Co. 

For Mor« Information Circla No. 659 


TEST EQUIPMENT 
FOR LESS! 

Save 10-90% buying recon- 
ditioned test equipment, 
and 10% on NEW. Naptech 
sells quality reconditioned 
test equipment by HP, Tek- 
tronix. Fluke, Wavetck, 
Phillips, etc. New from 
Leader, LeCroy, Instek, and 
Bel Merit. Choose from a wide variety of Test 
Equipment, O'scopes, Analyzers, Generators, 
Counters, etc. Equipment is guaranteed for one 
year and meets or exceeds manufacturers' specifica- 
tions. Naptech Test Equipment, Inc., Lower Lake, 
CA 95457; Tel: 800-336-7723; Fax: 707-995-7151; 
e-mail: salesGnaptech.com; www.naptech.com 

Naptech Test Equipment, Inc. 

For Mora Information Circla No. 660 




CONTRACT- 
DEVELOPMENT 

MEDCO coats, lami- 
nates, and slits a wide 
variety of film, paper, 
foam, foil, cloth, and 
nonwoven webs for 
custom medical and industrial applications. .Adhesives 
can be developed with any of these materials. MEDCO 
also provides contract RM> and process-development 
services, along with sophisticated high-volume manu- 
facturing. MEDCO offers low minimums, quick 
turnaround, and flexible scheduling, putting cus- 
tomer needs first. MEDCO Coated Products, Div. 
MEDCO Labs. 5156 Richmond Rd.. Bedford Hts., OH 
44146. Tel: 216-292-7546; Fax: 216-292-5900; 
e-mail: medcolabsGaol.com; wwu.medcolabs.com 

MEDCO Coated Products 

For Mora Information Circla No. 661 


THERMO- 
COUPLES, 

MAKE YOUR 
OWN 

The HOTSPOT allows 
thermocouple wire to 
be formed into free- 
standing junctions, or 
welded to metal sur- 
faces. It provides a sim- 
ple means of fabricat- 
ing thermocouples “when needed and where need- 
ed." Brochure and specification sheet available. 
Address: 7300 North Crescent Blvd., Pennsauken, 
NJ 08110. Tel: 609*62-7272; Fax: 609*62-7862; 
http: / / www. thomasregister.com / dec 




DCC Corp. 


For Mora Information Circla No. 662 


COMPOSITE 
MATERIAL 
PROPERTIES & 
ENGINEERING DATA 

Free engineering and 
machining information for 
composite laminates. Amalga 
Composites has supplied 
driveshafts, beams, instru- 
ment housings, pressure tubing, and vessels for 30 
years. Wound composites are stiffer than alu- 
minum, one-fifth the weight of steel, dielectrically 
strong, non-magnetic, and more resistant than 
stainless. Quick deliveries for sizes up to 42 diame- 
ter or 330" length. Amalga Composites; Tel: 414- 
453-9555; Fax: 414-453-9561. 

Amalga Composites 

For Mora Information Circla No. 663 



INTELLIGENT DATA 
ACQUISITION 

Onboard Intelligence 
_ -*■ provides 

• Real-Time Processing 

l .,.7' • Network Access 

• DSP Commands 

'** r “* X • Control Loops <1 ms with 

• External Expansion 

• 19" Industrial Racks 

• High-Speed I/O 

• Standard PC GUIs 

Call now for your free catalog! Microstar 
Laboratories. Inc., Tel: 888-MSTARLABS (678- 
2752) or 425-453-2345; Fax: 425-453-3199; e-mail: 
infoGmstarlabs.com; www.mstarlabs.com 

Microstar Laboratories, Inc. 

For Mora Information Circla No. 664 





OMEGA 

ENGINEERING. INC. 
SOFTWARE ON CD 

OMEGA has just released its 
latest Data Acquisition CD. 
The CD contains the com- 
plete 600-page handbook in 
electronic format. It also includes product and 
demonstration software, a corporate video, and an 
electronic copy of OMEGA * latest technical publica- 
tion: Transactions in Measurement and Control: 
Volume 2 • Data Acquisition. To request a free CD. 
contact OMEGA Engineering, Inc. at 
www.daiseee.com or call 1-800-327-4333. To obtain a 
CD request form by- fax, call 1-800*48-4271 from any 
Touch Tone phone and request Document #9990. 

OMEGA Engineering, Inc. 

For Mora Information Circla No. 665 


LINEAR SLIDES & 
ROTARY TABLES 

Catalog M-99 offers more 
than 235 Motor Driven 
UniSlide Assemblies use- 
ful for scanning, feeding, 
or incremental position- 
ing, including single or 
multi-axis systems. Users 
select base width, length, 
lead screw pitch, and 
motor type from a wide range. Features include 
computer-operated motor controls. Maximum load 
is 400 lbs.; travel to 86". Design specifications and 
prices are included. Velmex, Inc. Tel: 800*42*446; 
716*57*151; Fax: 716*57*153; www.velmex.com 

Velmex, Inc. 

For Mora Information Circla No. 666 




VACUUM SYSTEMS 
& COMPONENTS 

Thermionic* Vacuum Products 
vacuum systems and components 
include: Hanks HM2 e-Gun™ 
evaporation sources; PvraFlat™ 
rectangular and other flanges, fit- 
tings; MX.S.C./M.E*A<ompati- 
ble rectangular gate valves, poppet valves; DRS-1000™ 
in-si tu, non-contact substrate temperature control sys- 
tem; sample handling and transfer systems; ion 
pumps; matTChed™ thermocouple gauges; mechani- 
cal, electrical, and fluid feedthroughs; and materials 
and surface science. Thermionic* Vacuum Products, 
2S1-B Otto Sl, Port Townsend, WA 98368; Tel: 800- 
962-2310; Fax: 360-385*617; e-mail: sales® thermion- 
ics.com; www.thermionics.com 

Thermionics Vacuum Products 

For Mora Information Circla No. 667 














[r 



V 


jgggSgi 

1 


r7 ^ s 


COATINGS 
PROTECT METALS 
AND IMPROVE 
WEAR-LIFE 


Surface-enhancing permanent 
coatings protect metal parts 
against abrasion, corrosion, 
and galling. The) dramatically 
increase wear-life and opera- 
tional performance. These Magnaplate-applied coat- 
ings create a harder-than-steel, dry-lubricated, non- 
stick surface that won’t chip or peel. They offer superi- 
or release and easy clean-up; many are FDA/ USD A 
approved. General Magnaplate Corp., Linden, Nj 
07036; Tel: 800-852-3301; Fax: 908-862-6110; e-mail: 
infoGmagnaplate.com; www. magnaplate.com 

General Magnaplate Corp. 

For More Information Circle No. 668 



LCR METERS 

The SR700 Series LCR 
meters measure R+Q, 
L+Q, C+R, and C+D 
with a basic accuracy 
as high as 0.05 per- 
cent Features include 
variable test frequencies from 100 Hz to 100 kHz, 
internal or external DC bias, series and parallel equiv- 
alent circuits, and external capacitor biasing. An RS- 
232 computer interface is standard. GPIB (IEEE-488) 
and parts handler interfaces are optional. 

• SR715 (0.2% basic accuracy), U.S. list price: $1295 

• SR720 (0.5% basic accuracy), U.S. list price: $1995 
Stanford Research Systems; Tel: 408-744-9040; 
www.srsys.com 

Stanford Research Systems 

For More Information Circle No. 669 


GILMONT 
FLOWMETERS 
AVAILABLE FROM 
BARNANT 
COMPANY 

Gilmont flowmeters can be 
used for critical flow-moni- 
toring applications involving 
high temperatures, pres- 
sures, and specialty gases. 
They offer high purity and superb chemical resis- 
tance. Gilmont offers both Calibrated/Correlated 
and Compact Direct Reading flowmeters. Barnant 
Co., 28W092 Commercial Ave., Barrington, IL 60010; 
Tel: 800-962-7142; Fax: 847-381-7053; e-mail: 
bamant@mc.net; www.bamant.com 

Barnant Company 

For More Information Circle No. 670 



INSTRUMENT DATA 
ACQUISITION 

The SoftwareWedge™ directs 
serial (RS-232, RS-485, RS- 
422) data from any instru- 
ment into any Windows 3.x, 
95, or NT application such as 
Excel, MMIs, VB, Control, 
and Statistical applications. 
This configurable driver pro- 
vides full data acquisition and 
control of PLCs, data loggers, scales, flow meters, 
lab instruments, etc. Please contact TAL 
Technologies, Inc., 2027 Wallace St., Philadelphia, 
PA 19130; Tel: 800-722-6004 or 215-763-7900; Fax: 
215-763-9711; http://www.taltech.com 

TAL Technologies, Inc. 

For More Information Circle No. 671 



FREE 1999 PC & 
PCMCIA 
SOLUTIONS 
HANDBOOK 

Quatech’s new 1999 prod- 
uct handbook details our 
extensive line of quality 
communication, data acqui- 
sition, and signal condition- 
ing products for PCMCIA, ISA, PCI, and USB. New 
for 1999 are 2-8 port RS-232 and RS-422/485 PCI 
serial adapters and 2 &: 4 port RS-232 USB serial 
adapters. Product overviews, photos, and complete 
technical specifications are provided. For your free 
copy call 1-800-553-1170, e-mail sales@quatech.com, 
or visit our W r eb site at ww-w.quatech.com. 

Quatech, Inc. 

For More Information Circle No. 672 



P&TA {(0UIMTI0N SQUIDS 


FREE DATA 

ACQUISITION 

CATALOG 


I/O Boards for PCI. ISA, VH€! 


Datel Systems’ new 1999, 
224-page catalog offers a 
wide range of high- 
speed, high-perfor- 
mance, and multi-func- 
tion data acquisition 
boards. Over 100 new 
products are offered, 
including advanced- 
performance boards for PCI. ISA, and VME bus. 
Tel: 800-233-2765; Fax: 508-339-6356; e-mail: 
sales@datel.com; www.datel.com 

Datel Systems 

For More Information Circle No. 673 



1999 PCMCIA 
PRODUCTS CATALOG 

The new 1999 Envoy Data PCM- 
CIA source catalog features the 
latest PCMCIA drives USB, PCI, 
and SCSI. 

•Rechargeable SRAM Cards, 
; afl Linear Flash Cards for Routers, 
? -t— Jl Solid State Flash Drives 

• PC Card Drives IDE and PC/ 104 Bus 

• I/O Products, Fax/Data, Ethernet Cards 

• Digital Photography and PDA Packages 

• Technical Application Notes 

Envoy Data Corp., 6 East Palo Verde, Ste. 3, Gilbert, 
AZ 85296; Tel: 800-368-6971; 602-892-0954; Fax: 
602-892-0029; e-mail: info@envoydata.com; 
www.envoydata.com 

Envoy Data Corporation 

For More Information Circle No. 674 


LIGHTED 
SWITCH 
CONTROLLER 

The Interface Controller, 
IFC, provides flexible, 
low-cost digital I/O. 
Features include up to 16 
inputs and 64 outputs @ 
250 milliamps and 50 
VDC; serial communica- 
tion to the host processor 
via RS-232 or RS-422/485 ports; simple software 
driver set Controllers are small size, for easy- direct 
mount or DIN Rail mount. StacoSwitch; Tel: 714- 
549-3041; Fax: 714-549-0930; e-mail: mrktg@sta- 
coswitch.com; www.stacoswitch.com 

StacoSwitch 

For More Information Circle No. 675 




WAVE/COMPRESSION 
SPRING CATALOG 
NO. WS-98 

Catalog # WS-98 contains hun- 
dreds of NEW stock sizes of 
wave/compression springs, 
including spring-design formu- 
las, materials guide, and typical 
applications. This 40-page engi- 
neering/parts manual describes advantages of 
Smalley’s edgewinding manufacturing process. 
Special Springs are easy too! Smalley springs are pro- 
duced by circle coiling flat wire, with no dies or spe- 
cial tooling charges. Smalley Steel Ring Co., 385 
Gilman Ave., Wheeling, IL, 60090; Tel: 847-537-7600; 
Fax: 847-537-7698; www.smalley.com 

Smalley Steel Ring Co. 

For More Information Circle No. 676 



GEOTEST'S 1999 
CATALOG 

The new, free 120-page 1999 
PC-Based Test Solution Source 
Book from Geotest (Marvin 
Test Systems Inc.) features 
more than 100 PC-based prod- 
ucts for ATE. data acquisition, 
process control, and test-and-measurement applica- 
tions. New products include: GT5150 Dynamic 
Digital I/O; GT1 160 - 60 MS/Sec AWG and DDS sig- 
nal source; GTXI7700 PCI and ISA Instrumentation 
Chassis; power supplies, and more. Call for your free 
copy: Geotest/ Marvin Test Systems, Inc., Tel: 888- 
TEST-BY-PC (837-8297) or 949-263-2222; e-mail: 
sales@geotesdnc.com; www.geotestinc.com 

Geotest/Marvin Test Systems, Inc. 

For More Information Circle No. 677 



IEEE-488/RS-232 
CONTROL 
INTERFACE 

These units are offered 
either as a standalone 
or as an OEM PCB sub- 
assembly. They are designed to provide complete 
control of digital I/O and high-resolution analog 
I/O. They also can form the foundation of a com- 
plete data acquisition system requiring no special 
hardware beyond a standard computer with cither a 
GPIB or RS-232 port. The PCB subassembly is ready 
to be incorporated into new’ or existing equipment. 
Walker Scientific Inc.; Tel: 800-962-4638; 
Fax: 508-856-9931; www.walkerscientific.com 

Walker Scientific Inc. 

For More Information Circle No. 678 



AIRSTROKE®, 
AIRMOUNT® 
ENGINEERING MANUAL 
& DESIGN GUIDE 

Firestone Industrial Products 
Company offers a revised version 
of its Engineering Manual and 
Design Guide for Airstroke® actuators and 
Airmount® isolators. The free manual provides 
updated guidelines and specs for the air springs, 
including height, force, and stroke data. Also 
included are examples of typical isolation and actu- 
ation problems that can be solved by using air 
springs. Firestone Industrial Products Co., 12650 
Hamilton Crossing Blvd., Carmel, IN 46032; Tel: 
800-888-0650; www.firestoneindustrial.com 

Firestone Industrial Products Co. 

For More Information Circle No. 679 
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Electromagnetics Analysis 

Remcom, State College, PA, has intro- 
duced a Windows 95/98/ NT version 5.0 of 
XFDTD (electromagnetics finite diiference 
time domain) software. Its Windowvbased 
GUI is designed to facilitate EM analysis and 
decrease engineering lime on antennas, 
microwave devices, and biomedical applications. Enhanced biological- 
analysts capabilities allow designers of cell phones, implantable medical 
devices, and other products to explore the interactions between such 
hardware and the human body. Circle No. 710 



Project Management 

Active Project ™ Version 4.0 from Framework 
Technologies, Burlington, MA, is a Web-based 
communication system for the AEG and prod- 
uct-design/manufacturing sectors. It is designed 
leveraging the Internet or a corporate intranet 
to collaborate on project-related information in real time. Information 
published to an ActiveProject Web site, its publication history, and asso- 
ciated comments are automatically managed and maintained by the sys- 
tem. Other Version 4.0 features include enhanced graphical site organi- 
zation; built-in search capability; and a template for generating project 
sites, including graphics and button layout. Circle No. 714 



CAE Modeling Tool 

Enterprise Software Products, Exton, PA, has introduced FEMAP 6, 
the latest version of FEMAP* analysis modeling and visualization soft- 
ware. Version 6 additions include MP Assistant and SmartResults. MP 
Assistant is designed for developing idealized analysis models of thin 
solids by combining automatic and manual tools to create mid-surfaces 
based on the solid geometry. SmartResults applies intelligent rules to 
results processing in areas of geometric and material discontinuities, 
allowing more accurate and intuitive viewing of FEA results. FEMAP 6 
also includes a general beam section calculator and enhanced NAS- 
TRAN support. Circle No. 715 


X-ray Image Enhancement 

Light Science Technologies, Prescott, AZ, has released the Image 
Processing eXccutive (IPX) Version 3.0 operating system for the com- 
pany’s Krell PCI Video DSP board. Each board features a parallel DSP 
processor designed for 2 billion operations per second. This technol- 
ogy allows for 24-bit, 16.7 million colors using harmonic differential 
resonance. Its user interface consists of four real-time interactive 
graphic slider controls and various set-up options for presets and color 
modes. The board is designed to work in a Windows NT Pentium- 
based chassis with an available full-length expansion slot. OEM appli- 
cations include X-ray machines, microscopes, radar equipment, and 
ultrasound machines. Circle No. 716 

Oscilloscope Software 

GageScope for Windows f rom Gage .Applied 
Sciences, South Burlington, VT, controls the 
CompuScope familv of PC-based data acquisi- 
tion cards. The software supports up to 32- 
channel oscilloscope systems, giving the user 
control of the CompuScope card. Features include waveform cursors, 
multiple windows with different timebases, and the ability to save and 
load signals. GageScope is compatible with SIG files used with the 
Com pu Gen arbitrary waveform generator. Circle No. 719 



Software Design and Technical Graphics 




Are you designing with half a brain? 



Pull it together. 

visual. . 

— ► thought 


the powerful, easy-to-use, cross-platform, 
software diagramming & graphics tool 

free download use code CJ24 

www.confluent.com • 800.780.2838 • 415.764.1000 

Customers ncfude. f'AASA Godda'd Space F* gfct G NASA Ames. NASA Langley 
McDonnell Dr.jg'as. LMCO. J«t P T »c triton Laboratory. Sand’a/Lo* Alamoa Na*»o«a Laboratory 
Slerl-ng Software. RaytK*or/HRB. ESy*t*m*. USAF, US A»my, US Navy. a->d many o*<v*r* 

« IV»t MM «k W H»ti I 


For More Information Circle No. 436 


SEAL MASTER 
INFLATABLE SEALS 



SST0PITQ IdQcJ 


it} 



Custom inflatable rubber seals offer 
innovative and resourceful ways to 
overcome many design headaches. 
We ve developed over 5.000 
distinctly different products to 
meet a wide range of applica- 
tions. We II custom design and 
build one for you. Call or write 
for complete information. 

CUVIR SOLUTIONS FOR DIFFICULT PN0BITMS 


^SEAl 

INFLAT 


MASTER CORPORATION 


INFLATABLE SEALS AND OTHER CUSTOM RUBBER PRODUCTS 
368 MARTINEL DRIVE, KENT, OH 44240-4368 USA 
(330) 673-8410 • FAX (330)673-8242 
E-mail: info@sealmaster.com • www.sealmaster.com 
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^Adhesive Or 

MfoSTALUTlON 


Superior performance shielding gaskets 
Electronic grade plating finishes 
Many base metal variations 
Hundreds of shapes & sizes 
Custom modifications 


Mum Mi l)i u. \dstk>; 


TnjiovmiM(.\ni »v* 


OmptTFXs 


Kurnawr K\n ki> 


1384 Pompton Ave., Cedar Grove, NJ 07009 
tel: 973*890*7455 fax: 973*890*9714 
E-mail: sales@omegashieldinq.com 
web site: http://www.omegashielding.com 
ISO 9002 Quality System Certified 


New 


on the 


MARKET 


► ►►►►►►►►►►►► 


Epoxy Adhesive 

Polymer Adhesive EP21ND from Master 
Bond, Hackensack, NJ, is a two-component 
epoxy adhesive for general-purpose bond- 
ing. It is formulated to cure at room tem- 
perature, or more rapidly at elevated tem- 
peratures, with a one-to-one mix ratio, 
weight, or volume. The non-drip epoxy develops a bonding strength of 
more than 3000 psi at room temperature. The adhesive produces 
durable, high-strength bonds resistant to thermal cycling, water, oil, and 
organic solvents, over a temperature range of -60*F to over 250’F. The 
hardened adhesive is an electrical insulator. Circle No. 742 



Fiber-Optic Sensors 

Keyence Corporation of America, Woodcliff 
Lake, NJ, offers the FS01 Series of fiber-optic sen- 
sors. All FS01 Series amplifiers are housed in su- 
per-small bodies requiring very little mounting 
space. “Tough-Flex” fiber units are constructed 
with a core bundle of 217/66-micron diameter 
fibers. They are designed to withstand severe 
bending, pulls, and impacts and can be routed 
through tight spaces to keep sensor amplifiers 
away from operating machinery. Circle No. 733 
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NEW SOLVENT-FREE 
ADHESIVE BONDS 
MOST RUBBERS 

Designed To Your Specifications 


MASTER BOND EP2 1 TDC-7 

■ Outstanding flexibility-more than 300% elongation 
■ High physical strength properties ■ Excellent 
adhesion to most rubbers, plastics and metals 

■ Room temperature or elevated temperature cures 
■ Superior water and chemical resistance ■ Long 

storage stability at room temperature ■ Good elec- 
trical insulation properties ■ Convenient packaging 



Master Bond Inc 

Adhesives, Sealants & Coatings 

154 Hobart St., Hackensack, NJ 07601 • (201 ) 343-8983 


Composite Film Tape 



3M Electrical Products Division, Austin, TX, has 
added a 0.010"-thick composite film tape to a 
product family that includes 0.0055" and 0.016" 
tapes. The 3M-brand 44 tapes are polvester- 
web-reinforced film coated with a pressure-sen- 
sitive rubber adhesive. Applications for the 
0.0055" tape include insulating, anchoring, and 
banding in motors and transformers. Circle No. 735 


Stainless-Steel Parts 

New England Electropolishing, Fall River, 
MA, offers electropolished stainless-steel parts 
that are resistant to impregnation with bacte- 
ria. A stress-free electrochemical process is de- 
signed to produce parts that are bright burr- 
free, passivated, and thoroughly cleaned. De- 
pending on configuration, the electropol- 
ished parts have surface finishes down to RA 2. 
Parts up to 10 feet long by 5 feet wide are 
available Circle No. 738 



Digital-Imaging System 

The DZ-3600U digital-imaging system from Canon U.SA., Lake Suc- 
cess, NY, is designed to deliver high-resolution and detail-sensitive imag- 
ing comparable to that of a 3-CCD camera. Incorporating “Parallel Plate" 
technology, the system can display an entire 8-1/2 x 11" document at 
once. Other features include high-speed (4-sec.) image capture; a USB 
for plug-and-play with USB-compatible PCs; and presentation software 
that allows integration of images into programs such as PowerPoint and 
Word. Circle No. 741 
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Antistatic Stereomicroscopes 

A brochure from Leica Microsystems, Deerfield, 
IL, features stereomicroscopes designed to protect 
against electrostatic discharge (ESD). Surfaces of 
Leica’s GZ4, GZ6, MS5, and MZ6 stereomicro- 
scopes have surface resistivity below 1011 
ohms/cm*. Sockets on the microscope carrier and 
swing-arm stand ground the instrument, produc- 
ing an ESD-safe boom stand. Circle No. 701 





Controls and Gages 

Dwyer Instruments, Michigan City, IN, offers a 
1999 catalog featuring more than 80 new prod- 
ucts. Featured is the company’s entire line of 
3,500 products, which monitor and control 
pressure, flow, level, and temperature. New 
items include Wet/Wet Differential Pressure 
Transmitters and Programmable Data Loggers. 
Circle No. 702 


Electrochemistry Products 

A 148-page catalog from Cole-Parmer Instru- 
ment, Vernon Hills, IL, showcases products for 
laboratory and industrial electrochemical mea- 
surements. It includes conductivity, oxygen, pH 
measurement and control, pH electrodes, titra- 
tion, and water testing. Circle No. 703 




Automation Innovation 

“New Reliance Power" from Rockwell Auto- 
mation, Milwaukee, Wl, highlights Reliance 
Electric innovations and services. Products include 
the IQ Intelligent motor with PreAlert “ technol- 
ogy and the GV3000/SE line of AC drives, offer- 
ing three drive modes: volts/hertz, sensorless vec- 
tor, and flux vector. Circle No. 704 


EMI-Shielding Design 

Tecknit, Cranford, NJ, offers a revised version of 
its “EMC Compatibility Design Guide." This 44- 
page reference source provides up-to-date infor- 
mation on EMI-shielding problems. It includes an 
overview of electromagnetic compatibility (EMC) 
theory; approaches to solving EMC problems; and 
a product selection guide. Circle No. 705 




Slide Assemblies 

The 60-page “Catalog M-99" from 
Velmex, Bloomfield, NY, features more 
than 235 motor-driven UniSlide Assemblies 
designed for scanning, feeding, or incre- 
mental positioning. Linear and rotary 
assemblies are available for single- or multi- 
axis systems. Eight crosssection sizes range 
from 1 .5" to 9" wide; travel ranges from 0.5" 
to 86”. Technical drawings, design specs, and 
prices are included. Circle No. 708 


FREE Sample Kit #03 



Vinyl 
Caps & Plugs 


Flexible yet tough SoftCaj 
Fit for threads, fittings an< 


provide a snug 
other parts. Will not 

crack, peel or shred. 

• Available in high-temperature formulation for 
applications up to 475°F (246°C). 

• 98 stock items in 5 styles available for 
immediate shipment. 

TOLL-FREE: 1-888-CAPLUGS 

Caplugs 

Pro tective Oomuct Co , Pmiwi vj HARK A / INDUSTRIES 

Visit us at www.caplugs.com 
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Thermal-Ribbon RTD’s 

fast response surface sensing 



Thin, flexiblercsistance temperature detectors • Wire 
wound or thin-film • ft, Cu, Ni, Ni-Fe curves • 0.1 second 
time response • Rugged laminated construction 
• -200 to 220°C range • Many sizes & styles in stock 


Stable, accurate, dependable measurement • Install with 
self-stick backing, tapes, or cements • Avionics 

• Process lines • Medical devices • Aircraft windows 

• Stator windings • Thermal processing equipment 


MINCO PRODUCTS, INC. 

7300 Commerce Lane • Minneapolis, MN 55432-3177 U.S A. 
Telephone: (612) 571-3121 • FAX: (612) 571-0927 
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If you use these tools.... 



You should be using this tool 


The new SR785 
Dynamic Signal 
Analyzer. 


It takes the right tool to get the job done. And Stanford 
Research Systems' new SR785 Dynamic Signal Analyzer 
is just the right tool for all your tough modal, vibration, 
noise, servo or rotating machine measurements. With 
standard features including order tracking, real-time 
octave analysis, curve fitting and synthesis, time capture 
and more. And a brand new measurement architecture 
that saves multiple measurements and multiple averag- 
ing types without retaking data. 

With the SR785 there are no expensive options to 
purchase - everything is included. 

Give us a call. We'll set you up with a demo and you 
can find out just how much the SR785 can do for you. 

The new SR785. The right tool for the job. 


Stanford Research Systems 

Tel (408) 744-9040, Fax (408)744-9049 

www.srsys.com 

Email: info@srsys.com 




STANDARD FEATURES 

■ Order tracking (free introductory offer) 

■ Curve fitting and synthesis 

■ Time/Histogram mode 

■ Output to SDF* and MAT* Files 

■ Swept-sine mode (1 45 dB 

dynamic range) 

■ ANSI standard 1/1, 1/3, 1/12 

real-time octave analysis 

■ Front/Back viewing mode 

■ 8 MB memory (expandable to 32 MB) 

■ Windows 9 Data Viewer 

SPECIFICATIONS 

■ 90 dB dynamic range 

■ 102.4 kHz real-time bandwidth 

■ -90 dBc low distortion source 
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. . .power to interprety 
understand and discover. 



Windows NT. Mac OS, UNIX 
(Solaris. HP-UX. IRIX. Digital 
UNIX & ADC). Linux . Solaris for 
Intel, and Open VMS. 


Discovery is about visualizing your data in a whole new way. For 
over 20 years, technical test engineers, researchers and application 
developers have relied on Research Systems’ visualization and data 
analysis software to provide the building blocks essential to analysis 
and new insights. 

With IDL 4 , the Interactive Data Language , you can manipulate 
complex or extremely large datasets — even those 2 Gigabytes or 
larger — from various sources to detect and display patterns, trends 
and anomalies. IDL 5.2 has added handling of unique data files 
such as DICOM, DXF and HDF-EOS. 

IDL’s high-level language allows breakthrough application 
development in less time. Simplified programming and rapid 
prototyping features eliminate the tedious edit-compile-link-debug 
cycle required by traditional languages. Object Graphics and cross- 
platform portability enable you to develop in one environment, 
reuse code and easily move to new platforms now or in the future. 


Discover Answers. Discover IDL. 
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IDL 

GUIBuilder" 

Visually build your 
graphical user 
interfaces (GUIs) in a 
fraction of the time 
with drag and 
drop ease. 

The IDL GUIBuilder. 
a new. powerful 
development tool 
within IDL, facilitates 
the rapid generation of 
high-quality, 
platform-independent 
GUI design. 


VISIT OUR WEB SITE TODAY TO DOWNLOAD IDL 5.2 



RESEARCH 

SYSTEMS 


www.rsinc.com 

tel: 303.786.9900 email: info@rsinc.com 



the Interactive Data Language 


International Offices 

Austria • Germany • Liechtenstein • Luxembourg • Switzerland • The Netherlands • Brazil • China • France • Belgium • India • Italy • Japan • Korea • Spain • Portugal • Taiwan • United Kingdom 


IDL is a registered trademark of Research Systems. Inc. AU other marks are the property of their respective owners. All rights reserved. 
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